April b, 2019

SENT VIA CERTIFIED MAIL AND EMAIL TO:
guilaran.yu-tingig epa.gov, harty thomasi@epa.goy, hathaway, margarcti@epa.goy, and

syndermanste venepa.govy,

Yu-Ting Guilaran, Director, Pestcide Re-evaluation Division

Steven Snvderman, Chemical Review Manager for Imdacloprid and Dinotefuran

Margaret Hathaway, Chernical Review Manuger for Ace Mrnzpmi

zi omas Harty, Chemical Review Manager for Clothianidin and Thiamethoxam
LS Lm%mﬂmmmﬂ? rotection Agency

Ut'tm of Pesticide Programs, Mail Code 7506C

1200 Pennsyivania Ave., NW

Washington, DO 20460

RE: imidacloprid Registration Review, Case No, 7608, EP A-HO-OPP-2008-0844;
Clothianidin Registration Review, Case No. 7628, EPA-HQ-OPP-2011-8865;
Thiamethoxam Registration Review, Case No. 7614, EPA-HQ-OQPP-2011-0381;
Dinotefuran Registration Heview, Case Mo, Td41, EPA-HOQ-OPP-201{-09148;
Acetamiprid Registration Review, Case Xo, 7617, EPA-HQ-OPP-2012-4329

Diear Ms. Guilaran, Ms, Hathaway, My, Harty, and My, Savderman

[ write on behall of the Naturad Resvurces Defense Council (ISRDCY 1w gotify vou of three newly
published studies that raise serious converus ahﬁ)ui ihs:. ubiguity of neonicotinoid insecticides
(“npeonies”™) and thetr byproducts m drinking water and the potential mamumalian toxicity of these
compounds. See Kathryn L. Klarich Wong et al., Chlorisated Byvproducis of Neonicoiinoids and
their lz’wm&;;h tes. dn Linrgeognized Huoman &pwmw Potentiad?, Environ, Sci. Technol Lett,
G2y, 98-108 (2019 (At Ty Tamanna Sultana o al, Neowicorinodd Pesticides in Drindirg Water
in 4“};%;;{2’3 af Regions of Southern {};;rzx i, Cangda, Chemuosphere 202, 5306-313 (March 2018)
{A, 2y Elise wahes Herhemm »*t ,ti ‘ Veofcotinoid sgeticides on Phvsivlogy and
Reproductive Cha ‘s»rfwmsg, s af Cay ive é” wm{ > and Fawin White-tailed Deer, Scientific Reports
93354 March 2009 (AL 33 EPA must consider these studies w its pending registration
reviews of mudaciopnid, ¢ zmmmm thiamethoxam, dinotefran, and acetamiprid under the
Federal Tnsecticide, Pungicide, and Rodenticide Act {(FIFBAY 7 ULSC § 136 et seq,

As explamed below, cach study s divectly relovant o EPA’s human health risk assessments and
tlerance reviews for all five neondes. Both drinking water studies demonstrate that neonics are
routinely detected i drinking water and frequently survive conventional water treatiment
JCGIeN

ssen, Moreover, Klanch Wong et all show toxie neonwe degradates in treated drinking water
and signal upmmmw research that i bkely o {ind additional, potentially wxic neonic chlorinated
byproducts i treated drinking water, The third study, by Berheinm et sl shows that imidacloprid
can have wide-ranging smpacts on endocring, ;m.rmzzx», and reproductive systems in manunsls,
Because neonics are good candidates for a cumulative visk assessment based on their similar
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chemmical structures and pesticidal action i nsects, each study is relevant to all neonics
currently under registration review,

Both FIFRA and EPAs impleme ztm&"f regulations require EPA o gonsider the most current
information to ensure that the reviewed pesticide or pesticide class does not cause unreasonable
adverse effects on the environment {the “FIFRA standard”™) before issuing a registration review
decision. 40 C.F.R. § 155.400a) 1) {stating that registration reviews are intended to ensure that
pesticides meet the FIFRA atand‘zrd “based on current scientific and other me edge.™}
{ernphasis added): ;{ FUSC § 136l 1A trequiring ~peviodic review” of registration every
fifteen vears to ensure g’e&tmﬁex meet the FIFRA standard). The comment pem}ds for all neonic
human health risk assessments closed prior to publication of the studies by Klarich Wong et al.
(Yar, 2019 and Berheim et al. {Mar. 2019), Moreover, Sultana et al. published thew study after
the close of the comment period for EPA™s human health risk gssessment for imidacloprid,? EPA
must not issue final registration decisions without considering the risks raised in these studies,
See 40 CFR. § 155400a)( 1), West Harlem Environmented dctivny: EPA, 330 F . Supp. 2d 289,
950 2(8 D.,*»J Y. 2003) {re-registration of pesticide without requiring previous mitigation
measures was arbitrary and capricious, in par, bevause EPA ‘*xzxt,xpisxﬂzbiv [ chose to ignore”
data outside the administrative record that was “obvious{ly] . . . responsive to [a] key question”™).

To ensure EPAs registration review decision reflects current scientific knowledge, we wrge EPA
to publish addenda 1o its human health assessments or issue revised human health assessments,
EPA should solicit public comument under cither approach. EPA has previously used an
addendum to supplement a completed buman health assessment withonew data. See. ez,
Fluazianam; Addendum to the Human Health Risk Assessment for new Uses and Registration
Review: Incorporation of New Acute Toxicity Data and Updated Restricted Entry Interval (Feb,
14, 20131 Morgover, EPA explained in the public notice of iz Imidacloprid Human Health
Assessment that the sgency may publish a rovised risk assessment before completing s review
deciston, Registration Review:; Draft Human Health andfor Ecological Risk Assessments for
Several Pesticides; Notice of Availability, 32 Fed. Reg. 43,006 (Sept. 13, 2017}, EPA must
undertake one of these estublished provesses w ensure that EPA s registration review duuamn '
retlects current data on human health risks of neonic use.

P iamethoxam, clothianidin Dmidacloprid, and disowdfiran sl share o mitrogmnidise grovpany and all five neonics
act as agontsts of e eotnic asetvlcholine r»mp{m minseots. D8, Kanoe ot al., Newsdvotingdd Niraguaniding
Insecticide Meraboliter? Spathesisy and Nivatiniv Beveptor Fotency of Guanddines, dminoguonidines, aud Tizcw
Brerfvatives, Chem Bes, Toxicol, 18195 1484 (Sepe. 20053, Abdessatam Kacing B Hassard ot sl Effects of
Sublethal Dosex of Acvtamiprid and Thiameshoxms on the Bebavior of the Femevhes, Arch Environ, Contam,
Tosivol. 34:653-61 {2008); »ee ofve EPA, Guidande for [dostifving Pesticide Chemicals and Other Substances that
Have a Cowunon Meehanisen of Toxiciry (Jan, 29, 1999} (hereaftor © 1999 CAMT Gaddance™,

SEPA issued howsy health assexsments fr pubdic comment on the bllowing dates: Imidacloprid Fom September
Eiﬁ 2017 o November 13, 20M7; clothizaiding thizmethosarm, and dinctefipan from Devember 31, 2007 w0 April 21,

S48 and acetamiprid from Feb, 27, 2018 1 Apnil 30, 2018 MNRDC submitsed detatiad commments on EPA's s
Ezaaiiis assessment far inidactoprid. Commens fromthe Natural Resovrces Defense Council oo the imxd;}»iam i
Heoran Health Divafl Bigk Assessment for Begiviration Revigw, Do, 10 EFAGHQOPROOB-0834- 1238 {Mov. 14
JTriAm 4y
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Legal Background

I. The FQPA Requires EPA to Consider Risks Pused by Pesticide Degradates and
Metabolites in Drinking Water, '

The Food Quality Protection Act (FOQPA) amended the Federal Food, Drug, and Cosmetic Act
{FDC :;) to ra;qum, E?ﬁk te consider additional factors when establishing tolerances for pesticides
on orin food. See 21 US.C. § %éa{b}{i}“?{ D). It also incorporates tolerance review into FIFRA’s
registration pr{mes:iums\ See 7 USL. § 136(bb). EPA may only establish a food wlerance for a
pesticide 1f 1t determines that " there | xs a reasonable certamty that no harmy will result from
aggregate exposurs to the pesticide chemdeal residue, mcimmﬂ all anticipated dictary exposures
and all other exposures for which there s reliable information.” 21 ULS.C. 8 38ata)2 }M){ 1}
thereafier “"FDUA standard”). EPA. must consider “the aggregate mpmure level of

consumers . . . to the pesticide ... . and to other related substances,” . § 346&(&} 23 Dyivay T his
inchudes axpmum 1o the pesticide and other related substances from all “other non-vecupational
sources,” id., including drinking water. See. e g, EPA, Imzdaduprzd Human Health dssessment
Scoping Document in Support (j Regisiration Review 3 {Det. 3, 2008) (explaining that e:xpmare
to imidacioprid in drinking water xwuiz,i be incorporated into the dietary assessment).

Degradates and metabolites of pesticides are among the “other related substances™ which EPA
must include in 118 tolerance assesstoent. See, e.g., Proposed Order Granting Objections to
Tolerances and Denying Request for a Stay, 76 Fed, Reg 3,422, 3,442 (Jan. 19, 201 1) (rejecting
arguments that the tolerance assessment could not include fluoride!  degradate of the pesticide
sulfury] fluoride, added to drinking water in its aggregate risk assessment of the parent
pesticide}. Further, EPA must consider exposure to “other related substances,” such as
metabelites and degradates, through drinking water, Intidaclopnid; Order Denying Objections to
Issuance of Tolerance, 69 Fed, Reg 30,042, 30,073 (May 26, 2004); see also ed,, EPA Office of
Pesticide Programs, Estimating the Drinking Water Component of a Dietary Exposure _
Assessment 18 {_'E‘«é’av, 2, 1999y(“{Ulsctulness of the [water] monitoring data i a risk assessment™
depends partly on “inclusion of important metabolites and degradates.”). EPA has implicitly
acknowledged its obligation to consider risks posed by pestivide degradates and metabolites in
drmking water. See EPA, Imidacioprid: Homarn Heolth Dyaft Risk Assessment for Registration
Review 22 {hun. 22, 2017 {inc tudin ¢ imidacloprid urea, guanidine, and olefin in the water

residue profile).

ITEPA does not have “reasonable certainty™ that aggregate pesticide exposure allowed by a
tolerance will avoid all harm to human health, it must revoke the tolerance. 21 US.CL§
3ea(af ) AN, sew alsw League of United Latin Am. Cit. v, Wheeler, 899 F.3d 814, 829 (9th
Cir. 2018) {rehearing en bane granted, 914 F.3d 1189 (9th Cir. 2019)) (holding EPA’s own
conchusion that there was “significant uncertainty” regarding effects of ﬁ%z arpx ifos *mandates
revoking the tolerance” for that chemical ),

In sum, when conducting a tolerance assessment for any pesticide, EPA must consider risks
posed by degradates and metabolites of the parent pesticide compound i exposure to those
substances results from any non-occupational source, includingdrinking water, IF EPA cannot

Lk
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conclude with “reasonable certainty™ that the wlerance level in effect for a pesticide will not
harm human health, EPA must reduce or revoke that tolerance.

IL EPA’s Tolerance Assessment During Registration Review Must Reflect Current
Science,

FIFRA mguzrm EPA toreas s ss tolerances for a pesticide during the registration review process.
See 40 CF.R. § 155.40(2). 7 US.C, $136(bb). Registration review is designed to ensure that a
registered pmnmde does nm Cause mmmamhi ¢ adverse effects on the environment.” 40 CFR.
§ 155.40(3). That standard includes “a human dietary risk from residues that result from a use of
a pesticide i or on any food inconsistent with™ the FDUA standard. 7 ULS.C. § 136(bb1.

EPA musy consider the most recent studies and data available during registration review. See 7'
US.CU§ 136alo)d) (A, 40 CFR. §15540(a)1). The FIFRA re wz.&aimti&m process reflects
Congress™s intent that no pesticide should be used if it generally causes unreasonable adverse
effects on the énvironment. See generally 7US.C. § 136a(c)(5). Congress desizned the
registration review process to ensure that EPA’s determination under that standard reflects the
most recent information regarding pesticide risks. CF) id § 136a{g) 1 WA) {requiring “periodic
review” of registration every {ifteen vears W ensure the pesti{:iﬁﬁ satisfies the FIFRA standard).
EPA's mgu%atmm reinforee this rx,a;mmns.,m 40 CF R ¢ 15540000 1) (" Rewstrapion review 18
intended to ensure that cach pestivide’s registration is i:&iwd on current scientific and other
knowledge regarding the pesticide, invluding its effects on human health and the environment.™).

Both FIFRA and EPA s ,rﬁw,ia.iissngg therefore, require EPA to consider duving registration
review the most récent information about environmental and hwnan healh implications of
pesticide exposure. If EPA’s registration review decision permits continued registration of a
pestivide without addressing this information, EPA violates both FIFRA and the Administrative
Procedure Act( APAYL SULSC. & § 706. Cf. Wear Hurlem Environmentgl Action, 380 F, Supp. 2d
at 295 n. 2 {re-registration of pesticide withouwt requiring prévious mitigation measures was
arbitrary and capricious, in part, because EPA “inaxplicably [ chose to {gnore” data cutside the
administrative record zhm was “obvious{ly] . . . responsive to {a] key question™).-

Study Overviews
I Klarich Wong et al. 2019)

Klarich Wong et al. {2019} report two overarching results that EPA must consider in its
registration reviews, First, clothianidin, imidacloprid, and thiamethoxam, as well as two toxic
mcmbahies of imidacloprid, were detected in finished drinking water. Second, potentially highly
toxic chlorinated disinfeetion byproducts of all five substances can be formed through routine
chlorination during water treatment. Moreover, the authors outline upcoming studies that are
likely 1o lend further support to the hypothesis that people may be exposad to these chlorinated
byproducts through treated drinking water. These results suggest that the risks associated with
neanic exposure through drinking water are potentially far greater than EPA’s health assessments
suggest.
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A, Traditional Water Treatment s’tfsrkadq Fail ta Remove All Neonics from Drinking
Water,

To assess the effectiveness of two water rearment methods in removing neonics and their
byproducts, researchers collected three categories of water samples at two water freativent
favilities: raw (pre-ireatment), treated {inmmediately post-treatment), and tap (from the faucet of a
home served by the treatment facility). At | at 4. The first facility (U5 “use{d] direct surface
water and conventional coagulation/flocculation/sand-filtration with mixed powdered activated
carbon during high disselved arganic matter {DOM) conditiang ito control DBP formation).” Id.
The second (IC) used “an aiiuwﬂ well-field with granulated activated carbon (GAC) filter-
beds.” fd.*

Clothianidin; imidacloprid, and thiamethoxam were detected above the lower level of detmmm
i all raw sanples for both facilities. #4 at 6. AHl three neonics were also dgtuutu“"f m Ul tap water
samples, with clothianidin and thiamethoxam detected in both treated and tap water from the Ul
plant. Zd. at 7. Thiamethoxam was also detected in both treated and tap water at the IC plant. Id
These results demonstrate limited effectiveness of conventional water treatment methods,
especially the method used at U, in removing these ésub‘:ém.nt;gs, These results are largely
consistent with an earlier study finding neonics in finished drinking water. See Klarich et al.,
Cocurrence of Neorieotinoids in anixed Dy inking Weter and Fare During Water Treatment,
Environ. Sci. Technol Lett: 4(5) 168-73 (2017).

In addition 10 the parent compounds above, the researchers detected, for the irst time, two
imidacloprid degradates in drinking water. Att. 1 at 6. Desnitro imidacioprid was detectable in
every sample and was present abiove the lower level of detection in six (6) of the nine (9)
samples analyzed. [d. In tap water. desnitro imidacloprid was detected in concentrations bebween
03-.06 ng/L from the Ul plant and less than .03 ng/L. from the IC plant. [d. Further, imidacloprid
urea was present al levels above the lower level of detection in five of nine total samples
analyzed and was detected in Ul tap witer samples between .22 and .29 ng/L. Id

Though these degradates were detected at low concentrations compared to the parent compounds
considered in EPA’s health assessments, desnitro imidacloprid is substantially more toxic than
tmidacloprid in mammals. Jd at 3 {desnitro tmidacloprid is 317 times more toxic than
unidacloprid based on IC30); 4d. at 7 ("Desnitro-imudacloprid has a substantially lower [Cao
value than imidacloprid for vertebrates, indicating greater binding response (8.2 ve 2600 aM {17
vé 330 pg/L], wbpscuwiv} ).

The 2019 study, therefore, bolsters existing research showing that traditional water treatment
methods are not completely effective in removing neonics from drinking water. It also shows for

* These twe waler treatment methods employ teclinigues that are represeptative of modern municipal water
wreatment, See Center for Discase Control, Water Treatment: Comaunity Water Tremmeny {Tan, 20, 2013),

hups: ity 2rezd () {Toagulation, flocoulation, sedunentation, filiration, and disimfection are the most common
steps i modern waler eatment. ), EPA, Dvinking Warer Treatability Darabase: Gramulor Activated Carbon,
htrpss ML 2 WadSs 1 [ Activated carbon is commmonly used . . | in drinking water éptment” and the two main
types are granular sctivated and powdered sctivated carbon,

N]
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the first time that highly toxic degradates of imidacloprid are also present i Ninished drinking
water. EPA must incorporate and aualyze this pew information as part of i tolerance analysig
for each neonic,

B. Traditional Water Treatment Methods May Produce Chlovinated l}xmzﬂmmz
Byproducts of Neonics in Drinking Water.,

In addition 1o the water sampling described above, the authors assessed whether water treatiment
conditions could cause neonics and their degradates to transform into potentially highly toxic
chlorinated disinfection byproducts. To do so, the researchers simulated water treatment
conditions in a lab using pH adiustiment and addition of free chlorine 10 the nmnm detected in
drinking water. Att. 1 at 5.

The authors found that both desnitro tmidacloprid and imidacloprid urea degraded readily at
chioring concentrations and time periods typical of drinking water disinfection and distribution,
indicating likely formation of chlorinated byproducts in finished drinking water under real-world
conditions. &7, at & Unlike earlicr estimates of the halfulives of other neonics in similar
conditions, the authors determined that the half-life of desnitro imidacloprid can be measured in
minutes. id. Moveover, the study found that thiamethoxaum hydrolyzed readily at pH levels
comparable to those achieved through lime softening during water treatment. Id at 11, Alkaline
hydrolvsis of thiamethoxam produced two compounds, one of which (THX-H 237) the study
authors predict will react with chlorine at time-scales relevant to water treatment and
distribution. .

The study authers then predicted chemical structures for the chlorinated byproducts of desnitro
imidacloprid, imidacloprid urea, and thiamethoxam, as well as inddacloprid and clothianidin,
which had previeusly been shown to be reactive with chlorine. They note that although the
mammalian toxicity of these dismfection byproducts is not fully understood, several of the
predicted chlorination byproducts exhibit structural changes that inpact how the melecules bind
with receptors. This could change the bivactivity of the molecules, and seviral " appear to Tose
the nitro-group through chiorination or hydrolysis, andfor gain ong or more chlorings—baoth
characteristics that may increase mammalian toxicity.” /. at 16,

In sum, the 2019 study demonstrates a high risk that commonly used waler treatment methods
may transform neonies into more toxic chiorinated bvprm{iumx Though mors research 5 nesded
o conclusively determine whether these byproducts occur in finished drinking water and to fully
understand their toxicity, this research is underway, The authors predict that these byproducts:
may be significantly more toxic to bumans than their parent compounds, EPA must consider the
potentiaily substantial human health risks in its registration review assessments of neondes.

1. Soltany et gl (2018)
Sultana et al. (2018 conducted a stmilar study to deternune the extent of neonic contamination
of raw and treated drinking water in Canada. The researchers analyzed removal of neonics by

water treatment facilities by using Polar Organie Chemical Integrative Samplers (POCIS) and
grab samples at six facilities in rural Ontario, At 2 at 506, All facilnties used “conventional

&
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treatment systers, mchuding coagulation, loveulution, sedimentation, fihration and chlorine
disinfection.”” fd. at S12. The authors tested for imidacloprid, clothiunidin, thiamethoxam,
acetamprid, ﬁnm{nprsd dinotefuran, and S-hydroxy imidacloprid in both raw (pre-treatment})
and treated drinking water at each facility. /4. at 507. "

In grab samples, clothianidin, thiamethoxam, and imidacloprid were detected in raw drinking
water at all six facilities. Both thiamethoxam and imidacloprid were also detected in treated
drinking water at four and three of the teatment facilities, respectively, & at 510 (Table 3
Where {iewcta& average concentrations of thiamethoxam in treated water at the six faz.zizk:zc:‘s
ranged from 20,1 to 917 ng'l, while concentrations of 1mu§daiaprxd in treated samples ranged
from 2.4 to 4.8 ng/L.. The authors note that peak concentrations in drinking water were likely
missed, since the sampim were taken in early July, but the pesticides are typically applmi 4,
month earlier. &, ar 512,

POCIS samples were used to determing time weighted average (TWA) concentrations of the

neonics aver a 13-15wday period for each treatment facility. This sampling method detected

thinmethoxan, imid&sl@prld? clothianidin, thiacloprid. and acetamiprid in both raw and treated

drinking water at three of the six facilities. /d. The study authors note that TWA concentrations

were largely consistent with grab sample concentrations. /d. at 511, Moreover, they conclude

that the results of the study are consistent with drinking water sampim analyzed i fowa by
Klarich et al. in 2017, See gengrally Klarich (2017, supra p. 4.

II1. Berheim et al. (2019

I a third study, researchers analyzed the endocrine-disrupting effects of nidacloprid on white-
tailed deer by adnunistering aqueous inudacloprid thmug,h drinking water to captive does and
fawns, Art. 3 at 1. The study authors compared water constmption, thyroid hormone function,
behavioral responses, jawbone measurements, and imidacloprid concentrations in organs among
four treatiment groups: high, medium, and low imidacloprid exposure and an unteeated control
group. I, av 1. '

The study found that higher concentrations of imidacloprid in the spleen were correlated with
ligher mortality rates. id. at 7, and shorter jawbone lengths in fawns, id at 6. Additionally, fawns
with higher concentrations of imidacloprid i the spleen and genital organs were generally
smatler and less healthy. fd, Concentrations of imidacloprid in fawn spleens was also inversely
correlated with levels of free thyroxine hormones, likely causing lower metabolic rate and
observed decreases in physical sctivity among affected fawns, Ll Water consumption was also
inversely correlated with imidacloprid concentration, indicating that the deer avoided drinking
water contaminated with imidacloprid. /d at 8, However, imidacloprid was detected even in
organs of the control group, showing the ubiquity of envitonmiental contamination. /¢, at 1.

Berheim et al. demonstrate that imidacloprid exposure can result in @ host of physiﬁlégiml
effects in mammals, disrupting both endecrme function and immune response, See i, at 7. These
findings are the latest in a growiny body of reports linking neonic exposure with develppmental
and reproductive effects in non-target vertebrates, including birds and rodents, under field and
laboratory conditions. See, e.g.. David Gibbons et al,, 4 Reyiém' of the Direcr and Indirect Effects

i
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sfvotingids wad Fipronid on Vertelvare Wildlife, Envivon Soi Pollut Res Inn 22¢1) 10318
{(2015). This evidence Lzmimmmm the central appeal of neonics——their supposed non-toxicity
humans and other mammals, Moreover, these observed toxic effects are relevant to EPA’s
determination of whe ‘m* uzmim,k;pr;& shares a common mechanism of toxicty with other
peonics, as toxie effects in marrmals are central to that analvsis. See 1999 CMT Guidanes, sypea
noboat T

Conclusion

The three studies Wentified here bolster existing concems about neonies i drinking water, show
that neoni degradates are present i treated demnking water, raise new conceyns that water
treatrpent methods nght producs chlorinated byproducts thatare potentiadly more oxic o
hwmans, and demonstrate toxic effects of neondes in mammals, FIFRA and the FQPA require
EPA to consider this information in i3 evaluadon of neonics” risks 1o human health, Moreover,
FIFRA requires BPA 1o consider the most recent miormation available during its registration
review process, EPA munst not issue a final decsion approving registratinn of neonics without
addressing these substantial risks, We urge EPA to sssus revised hwman healtha NS o7
addenda to its previpus assessments to ensure the attached studies are consmdered fully in the
ecord for all neonics. Further, because all five neonics may share a common mechanism of
toxicity, EFA should assesy :hw,, human healtl risks for all five neonics cumulativedy,

Respectiully submitted,

Lucas J. Rhoads
Staff Avtorney, Nature Program
\fa wral Resources Delense Councl
I32 15eh B, PUW.
Wishington, E}‘C , 2005
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Environmental 5cience & Technology Letters Page 2 of 22

I ABSTRACT

Ped

We recently reported mitial discovery of neonicotinoid pesticides in drinking water and potential
3 for transformation through chlorination and alkaline hvdrolysis during water treatment. The
4 objectives of this research were to deteymine: (1) if neonicetinoid metabolites are relevant to

drinking water exposure, and (2) the products formed from chlorination of neonicotinoids and their

L]

& metabolites. Desnitro-imidacloprid and imidactoprid urea, two known metabohites of imidacloprid,

o

are documented for the first time tn drinking water. Desnitro-imidaclopnd was present above the
8 lower level of detection {0.03 ng/L} in 67% of samples (6/9) from drinking v..»’a‘mr systems but
9 detectable in all samples (up to 0.6 ng/L). Although concentrations of desnitro-imidacloprid were
10 lower than concentrations of parent neonicotinoids, desnitro-tmidacloprid exhibits significantly
11 more mammalian foxicity than imidae:imgz‘i'd,‘ Using L(?“QR“T&T?F*?VXSS’?VIS analysis of laboratory
12 experiments, weg propose structures for m:m;;.l vtr\aﬁsfbxfmation products rész;l’ting ﬁ;cam the
13 chiorination of clothisnidin, imidacloprid, dasnm@«imiaﬁciopﬁd, imidacloprid-urea, and
14 hydrolysis pmduéis of thiamethoxam. Farmmin.n: of chlmi.mﬁad mmicmin‘mid byproducts ocours
15 gt timescales reié?am 10 water treatment/distribution for the imidacioprid metabolites (¢ »=2.4min-
6 Lol am:f thiamethoxam hydrelysis produets (4.8h), Itzzﬁdaclaprid metabolites in ﬁni&ﬁed drinking
17 water and potential formation of novel disinfection byproducts during trestment’distribution are

18 relevant to evaluating the exposure and potential impacts of neonicotinoids on human health.

1
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21 INTRODUCTION

22 Neonicotinoids are the most widely used insecticides in the world! Neonicotinoids are
23 systemic, insect-targeting neurotoxing that have gained popularity due to their broad spectrum of
24 control, high potency, and insect selectivity, ™™ This insecticide class enjoys a wide range of both
25 urban and agricultural uses, with a majority (~80% annually) of treated seeds planted {n the United
26 States coated with neonicotinoids. Due to chemical properties (polarity, solubility) and heavy
27 usage, neonicotinoids are commonly measured in surface waters across North America® " with
28 reported concentrations™ Y up to 6900 ng/l. Neonicotinoid metabolites, such as desnitro-
290 imidacloprid and imidacloprid-urea, are formed via microbial degradation, as well as some abiotic
30 processes {e.g., photolysis, hydrolysis) > 20532 &5 a result, these metabolites may also be present
31 i osurface waters used for drinking water.

Neonicotinoids exploit specific differences between nicotinic acetylcholine receptors (nAChR)

fod

33 in vertebrates and invertebrates to impart insect selectivity. > Neonicotinoids share important
34 functional groups (nitroimines, cyanoimines, or nitromethylenes) to influence electrostatic binding
35 potential; the negative polarity™ on the neonicotinoid is rejected by the mammalian nACHR and
35 readily aceepted by the insect nAChR.” Although selective toxicity improves safety for non-target
37 vertebrate organisms, the effects of chronic exposure of humans to neonicotinoids remain
38 unkoown %% Furthermore, toxicological profiles of neonicotinoid wransformation products
3% tormed via degradation processes may be different from that of the parent compounds, particularly
40 when the niro- or cyapo-groups are removed. For example, two known metabolites of
41 imdacloprid and thiacloprid—desnitro-tmidacloprid and descyano-thiacloprid—are respectively
42 317 and 193 times more wxic o manumals (based on {Cs) than their corresponding parent

43 compounds.’ Understanding the identity, fawe, and bicactivity of wransformation products

3
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generated in natural and engineered systems s oritical o understanding the full impacts of

ngontcotineids on ecosystems and human health,

We recently reported® :ﬁe first measurement of neonicotingids in finished drinking water and
demonstrated that seimvnemimtémiﬁ% can be transformed at elevated pH (thiamethoxam) or
during ehlorination (clothianidin, imédewiaprié} over timescales relevant to water treatment and
diﬁr’ibui‘iz}n. There is increasing concern about anthropogenic compounds acting as disinfection
by;}fodw:t (DBP) precursors ﬁnring disinfection® and the p{}faczﬁziai for these next-generation DBPs
to ..ex.hibit mmi@d or even enbanced bioactivity™ (ie., carcinogenic andior genotoxic®).
Objectives of this research were w determine: {1} if neonteotinotd metabolites are relevant w
drinking water exposure, and { 2}" the pmiﬁscts formed %%;z:sm‘;cﬁibréna&ian o?‘nwniav:cﬂ:imidg and their

metabolites that may be generated during drinking water treatment,

MATERIALS and METHODS

Prinking water samples. Raw and treated (entering and exiting treatment plant, respectively)
drinking water samples were collected from the University of lowa (Ul and fowa City {IC)
drinking water treatmient plants (Towa City, 1A, USA)Y The freatment trains are detatled in the 81

%

{Scheme 811 The main simibaritics are both systems use Hme softening at elevated pH (143}
and free chlorine disinfection, the main differences are that UL uses direct swrface water and
conventional coagulation/flocculation/sand-filtration with mixed powdered activated carbon
during high dissolved organic marter {DMOM) conditions (to control DBP formation), whereas [C

uses an alluvial well-fleld with granulated activated carbon {GAC) Glter-beds. Tap samples were

collected from two buildings on the UT campus and three residences serviced by the 10 plant

4
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66 located throughout the city. The limited number of samples was intended to establish the presence
67  and ré%evamce of neonicotinoid metabolites in drinking water, but was not intgnded ta be fully .
68  spatially / temporally representative, nor collected in a Lagrangian mamner (i.e., transport time-
8% adjusted). Sarﬁ?leg were collected during the 5ummér months, when neonicotinoid wmceﬁmtimg
70 are highest5?® Ul'and IC drinking water samples were énai‘yzml for t:li}‘thiénidtih,, tmmdacloprid,

71 thiamethoxam. desnitro-imidacloprid, and imidacloprid-urea. Methods for sample collection and

72 analysis, as well as background information for both treatiment and distribution systems, are
73 described previously.™ Analytical details, lower limits of detection (LLD), and field blank data
74 are provided in the SI.

75 Hydrolysis, chiorination, and transformation product analysis. Fate during unit provesses

76 {hme s::}ﬁming,.disinﬁm’:tkm, and sequential lime sofiening and disinfection) was simulated in
77 laboratory batch systems (described fully in the SI) using pH adjustment and free chlorine addition
TR with neonicotingild concentrations measured by liquid chromatography with diode array detector
79 (LC-DAD), Experiments used free chloring (HOCI) in a closed reactor containing 5 mM pthphﬁtc
8¢ buffer {pH 7): a range of neonicotinoid (1-50 M) and HOCT (130 mg/L) concentrations were
81 tested (deseribed in Figures 8.2, 8.3}, Chlorination of thiamethogam hydrolysis products oceurred
82 following initial hydrolysis at f:_[s:vat_e& pH with no chlorine {details in 810, Samples were monitored
83 for 24-72 hours via LC-DAD, and then brought to the High-Resolution Mass Spectrometry Facility
84 (HRMSF) at the University of lowa for exact mass identification and MS/MS fragment analysis
85 wvia LC-HR-ToF-MS/MS (Figm&:&; $6-840). The Schymanski framework® was used for
86  communicating confidence in identifying newly discovered small molecules (Table 1). Stability

87 of chlorinated products (DN-IMI 243 chosen as representative example) was examined by adding

5

ACS Paragon Plus Envivonment

ED_006569G_00033701-00015



Page 7 of 22 Erwdronmental Scienee & Technology Letters

88 freshly-prepared sulfite (30 uM in the reactor) and observing back-transfornmtion via LC-MS,

i

8¢ Expoerimental details and analytical methods are provided in the SL
90 RESULTS AND DISCUSSION

91 Oceurrence of neonicotineids and their metabolites in drinking water spmples. Desnitro-
92 imidacloprid was present above the Lower Level of Detection (LLDYY in 67% (6/9) of samples
93 {raw, treated, and tap water) collected from UL {4/4) and IC (2/8) drinking water systems (Figure
G4 1) but was detectable above the instrument signal-to-noise in all samples analyzed, representing
93 the first known documentation of neonicotineid metabolites in drinking water. The concentration
26 aof despitro-tmidacloprid ranged from <0.03-0.60 ng/l. for all warer samples. The desnitro-
47 imidacloprid tap water concenirations ranged from 0.03-0.06 ng/L. at Ul and <0.03 ng/L. for 1C
98 Imidacloprid-urea was also present above the .LL{) in 56% (5/9) ut all samples analyzed (44 for
99 Ul 15 for 1), with measured detections ranging from 0.08-0.66 ng,%,-"h, Imidacloprid-urea was not

100 dereeted in IC wp samples and renged from 022-0.29 agl at Ul taps (2/2). Clothianidin,

101 imidacloprid, and thiamethoxam were also gaent iI‘X raw, treat&.d and tap samples with
W2 concentrations mng:i'ng from 2.34««25.,?;;4 :ﬁgﬁL fér Qii?&thi&ﬂidiﬁ? i ,(}é'»»né%,?g ng/L, for imadacloprid,
0% and 0.24-5.99 ng/L for thiamethoxam. Notably, tap water mncmtm}%mts for both Ul and 1C were
{4 similar to those we previously reported™ (Table 8353 In contrast 1 our previous study, we
105 observed removal of clothianidio and imidacloprid between the sam{:é ang treated UT samples. We

N

106 attribute removal to a powder activated carbon system that was added to U for conwol of

Birane
o,
Tt
nen}

disinfection byproduct precursors after our initial study. This updated system iz likely also
168 removing neonicotinoid parent compounds, which we previously reported were effectively

109 removed via activated carbon.®

&
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Although the concentrations of metabuolites were substantially lower than their regpective
parent compounds, select veonicotinoid metabolites are known o exhibit higher mammalian
toxicity, hased on linsdted gavailable dats. Desnitro-imidacloprid has a substantially lower [Cg value

than imidacloprid for vertebrates. indicating greater binding response (8.2 vs 2600 oM {17 vs 550

ug/L], respectively)’ The greater potential toxicity and frequent presence In these water samples
of neouicotinotd metabolites demanstrates the necd o consider their fate and persistence in
drinking water treatnment systems {(e.g., during chlovination and other treatment processes) and
their potential effects on human health. Indeed, nconicotinoids have been measured vear-round?

in streams of impactad watersheds, and our results demonstrate that consumers of drinking water

dertved from vulnerable sources may be exposed o neonicotineids and their metabolites ™

Pl
Treated
Tap

University of lowa

City of lowa City

Loncentratian {ngflL}

el i Dasdtro.
trea Tnidactoprid

Figure 1: Clothianidin, imidacloprid, thinmethoxam, and two metabolites of imidacloprid
{imidacloprid-urea and desmitro-imidaclopnd) mensured in raw and weated water from the
University of fowa and lowa Clty water treatment plants (July 23 and 24, 2015, respectively).
Liniversity of lowa tap water was collected at two focations and fowa Chty tap water waz collected

- y

from three residences across lowa City (=2 and 3, respectively, July 17, 2018) Tap

7
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127 {”;} denoto s.»am;. ka premm §3g c:w tha Imuf dc,tu,t:{m fs.mzi L,{j}}. LLI} mim,.z» {agﬁ;L}
128 clothianidin, 0.488; imidacloprid, 0.273; thiamethoxam, 0.081; desnitro-imidacioprid, 0.026;
128 wmidacloprid-urea, 0.057. Error bars represent the standard error including the variation between
130 samples aod in sample processing/analysis (associated with the composite enrichment, sample
131 exwaction, and analvsis).

133 Desnitro-imidacloprid  and  Imidacloprid-uren  Heactivity with  Chlorine.  Desnitro-
134 m‘zsdacmpmi and imidaclopritl-urea react relatively rapudly during chlorinaton (Figure 2}, Second-
135 order mate cocfficients (£5E) for imidacloprid-uren (2.72:0.2 M5l and desnitro-tmidacloprid
136 (72x3 M5y ehlorination were calculated from messured pseudo-first-order rate constants (Figure
137 S1-82) sssuming a constant H{f}fj‘i concentra tion during reaction (ky=k/[HOCH]). At a typical
138 chlorine concentration for disinfection {£.e., 5 mg/L as Ch and assuming a constant residual, half-
133 lives for irmdacloprid-urea and d;*:.».;nit:m«imi(im:k};:sric% would be ~1.0 h and ~2.4 min, respectively.
140 As such, the me;ab&litm of i}midgmﬁi@;n‘id could be expected to degrade readily in a chlorine

141 sontsctor and during distnbution,

142 Notably, the halllife of desnitro-imidacloprid is much shorter than those we previously
143 reported for clothianidin, imidactoprid; or thiamethoxam®-—on the order of minutes compared
144 hours or days for other neonicotinotds. We hypothesize that tautomertzation™ within the guanidine
145 functionality of desnitro-imidactoprd (Figure 2, Scheme 82) contributes to itg greater reactivity,
146 resulting in an amino fautomer that would be expected to rapidly chloraminate based on the high
147 mmizvm of primary amines toward free chlorine.™ It remains unclear why imidacloprid-ures is
148 faster reacting than clothianidin and imida&iug:ﬁid. Secondary and tertiary amides, such as those in
49 midacloprid-urea, are known w be several orders of magnitude less reactive toward hypochlorous

P3¢ acid than i umm. and guanidine analo sza # We therefore attribute the lower reactivity of clothianidin

B
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151 and imidacloprid relative to imidacloprid-urea to the well-established electron-withdrawing nature
152 ofthe niwro group.*’
153 Using HR-MS/MS fragment analysis, we propose structures for byproduets observed during

154 chlorination of desnitro-imidacloprid and imidacloprid urea. Chlorination of desnitro-imidacloprid
155 results in the formation of wo major identifiable products (hercafter desnitro-IMI 245 and
156 desnitro-IMI 279}, corresponding to the addition of eithér one or two chlorines (i g., the formation
157 of one dichloro- and one trichloro-transtormation product, r&:spéﬁ:tiwiy}. Analysis of HR«MSEMS
158 fragmentation patterns indicates chlorine addition vecurring in the guanidine-contatning portion
159 of the molecule rather than the chloro-pyridine moicty (Fig 319} most Ei}»:ély via N-C1 bond

160 formation; however, the exact site cannot be determined and thus desnitro-IMI 243 15 reported at

162 excess sulfite to product mixtures after desnitro-imidacloprid chiorination resulted in the loss of
163 detectable pmdugtg and a corresponding increase iﬁdezanit‘romimidacie}pﬁd {Fig{xré 53). Such
164 byproduct reversibility in the presence of a reducing agent is indicative of chloramine formation,
165 as has been previously reported during chiorination of amine-containing pharmaceuticals.™
166 Notably, this instability of desnitro~imidacloprid chiorination products may help to explain our
167  detection of desnitro-imidacioprid in finished tap water (Figure 1) despite its very high reactivity
168 toward tree chioring; decomposition of reactive byproducts could result in #ts regeneration during

169 dechlorination with a reductant or via incidental reactions that ocour within the distribution system,

170 We propose that desnitra-IMI 245 forms via chloramination of the amino tautomer of desnitro-

171 imudacloprid (Figure 2, Scheme $2), which we expect to preferentially chlorinate prior to the

172 cormresponding imino tautomer based on established trends in the chlorination of structurally

173 analogous N-containing compounds. ™ At higher chlorine concentrations or ‘cr:smzaci times, we
9

ACS Faragon Plus Environment

ED_006569G_00033701-00019



Page 11 0f 32

(74

)

173
1a0
3

inl

L

Envirarnaertal Sclence & Technology Letters

turther hypothesize that sequential chlorination of desaitro-IMI-245 oceurs through a chloriming
derivarive, where the added chlorine stabilizes the iming tautomer akin 10 the electron~withdrawing
mitro-group i imidacloprid. Although ép{:cul.;ztiwst the secondary amine moiety i the chlorimine
tagtomer would again be cxpwtad to exhibit greater rea{:t%’sssii}f wward chlorine than the
corresponding imine motety i the chloramine tautomer.

oo

Chiormatton of imidacloprid-uren vielded one magor identifiable product thereatter IMiurea
2463, This corresponds to the addition of chlorine to the iniducloprideuren structure. Dace again,
HE-MSMS fragment analyvsis 18 most consistent with chlorination sccurring at the secondary

amide {Figure 2; Figures 539-3401

Desnitro-irmidacioprid

Imidacioprid-urea

Clydesnitro-imidacioprd=1.5

DNV 245 Looamas 0 4
o i ]
g e ‘
y B A
E | E:
& g
& Lo
k) 3 E {}% & ¥ %
2 3 4 0.0 0.5 1.0 1.5
Time {hr} Time {he)
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185 Figure 2: Chlonnation of (left) desnitro-imidacloprid and {right) imidacloprid-urea to form
186 chlorinated products desnitro-IMI 245, desnitro-IMI 279 and IMI-urea 246, Chiorination kinetics
187  of desnitro-imudacloprid o desnitro-IMI 243 and imidacloprid urea to IMI-urea 246 are shown,
188 Peak area shown iz the HPLC-DAD responge A= 260 nm for imidacloprid-ures; 273 nm for
189 desnitro-IMI; relative values are shown because no authentic standards of chlorinated products are
190 available. Initial concentration conditions {molar ratios shown in figuresy: desniiro-tmidacloprid=
191 10pM, 1 mg/L HOCI as Chy; imidacloprid urea= 5pM, | mg/l. HOCT a5 Cly. Full kinetics data, -
192 conditions in Figures 81, 82, '

194 Hydrolysis Products of Thinmethoxam and Reactivity with Chlorine. The alkaline hydrolysis
195 of thiamethoxam {at pH 10; relevant to lime softening} results in two products (hereafter THX-H
196 248 and THX-H 237), both of which have been previously identifled with proposed
197 pathways. 503 Imines are known to easily hydrolyze in water 1o yield ketones, '+ and the
198 electron-withdrawing ~NO; substituent makes the carbon in the guanidine portion of thiamethoxam
199 more electrophilic, thus inviling hydroxide attack uader alkaline conditions.?? THX-H 248 is
206 formed through the simple hydrolysis of the nitro-imine group into a ketone,™ THX-H 237 was

201 reported by Maienfisch® and corresponds to a ring opening with hydroxide attack at the imine

202 carbon.

203 Upon addition of chlorine, THX-H 237 is reactive, while THX-H 248 is recalcitrant over the
204 rmescales / conditions imvestigated (Figure 3). We attribute the greater reactivity of THX-H 237
205 toward chlorine to the presence of its two secondary amides. The second-order rate coefficient
206 (=5E) for the reaction of free chlorine with THXH 237 (0.67+0.02 M 75"y was caleulated from

207 the measured pseudo-first-order rate constant (Figure $4). Assuming a constant chlorine residual

208 {3 mg/L Ch), the half-life of THX-H 237 would be 4.8 h.
209 THX-H 237 reacts with chlorine to produce a single species hereafter referred to as CLO-THX-

200 H 270 (see algo Table 1) We propose that chlorine addition oceurs at the secondary amide group

11
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2 without the electron-withdrawing nito huhatﬁ went (Figure 33 Our MSME frugmentation resulis

202 reveal a corresponding chlovinated fragment to support this pm;}a}ged structure (Figure S9-510),
213 We antieipate that THX-H 237 wall react to generate CLO-THX-H 270 ar ume-scales relevant 1o
214 disinfection and distribution in svstems that also employ chemical {e.g., lime-soda) softening

oed

215 sarlier in the treatment prosess train,

Thiamethoxam

a::H3 NO,

' \"{; N g’}““’ N\ OaN.
2’& 0\ e ?;} v\‘ff“ii‘"' 8’\

CLO-THX-H 270
A THX-H 237
O THX-H 248 Ol

Paak Ares
g

CLO-THXH 270

o

P53
.
5 5

Time {hr)

Figure 3: Chiorination of the hydrolysis products of thiamethoxam CTHNAH 237 and THXAH 245
wr form novel chionnaed product CLO-THXAH 270, Chiorination k;mtic%‘f‘z’ﬂg}@“e%smt&d by HPLC-
[AADD peak area A = 260 nmy authentic standards unavatlable; 50 my/l U1 of thinmethoxam
hvdrobysis product THX-H 237 o & L Um‘i HX 270 19 shown (THX-H 248 was xiﬁwi&i:&w at pH
223 10 The stneeture of CLOSTHX 270 (the same as generated through chlorination of clothianiding
223 1 opresented us shown to be ummmzi_mi%} Table Z: chlorination veeurs at either amine farther
224 frow the nitro-group as determdned by HR-MS/MS fragmentation (Figures 89, $10, 834, 835,

4

G e -

e

[0 &5 T 1% B 0 ) %)
oo Bk e e s
~

226 Products of Imidacloprid and Clothianidin Chlerination. We previously reported timescales
227 fov the reaction of mdacloprid and clothianidin with ehlorine. ¥ Hereln, we propose structures

228 using the Schymanski framework™ o communicate confidence of novel products discovery for

ED_006569G_00033701-00022
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229 the produets of these reactions {Table 1) based on HR-MS/MS fragment analysis of these product

230 muxtures {Table 8.7 deseribes compounds prior to chlorination).

231 Chlorination of clothianidin results in three major products. Two products have with the same
232 mass (herealter CLO-239a and CLO-2390) but different retention Hmes, while the third has an

233 exactmass [M+H] of 2709442, The latter product appears identical to the product formed during
234 chlorination of thiamethoxam hydrolysis products, and is thus also referred to as CLO-THX-H
233 270, Clothiamdin 3 a known product of tuamethoxam degradation through multiple reported
236 biologically-mediated pathways™ ¥ (e.g., in insects, ‘mammals, plants, and éoil} where the two
237 compounds share common metabolites;™™* however, abiotic and biological pathways may
238 generate different products, CLO 239 and CLO 239b correlate to loss of the nitro group,
239 formation of the ketone (C=0), and t’:fﬁﬁlﬁin&tién ufa z'énx_ziivﬁ_i.ng'mmndary amide: We suspect these
240 reactions occur in a step-wise fashion and mvolve both n:;id;a‘tim}‘with chlorine and hydrolysis
241 {eg. imine hydrolysis to a ketone) reactions, potentially involving intermediates we were unable
242 toidentify. The exact location of the chlorine on ,m of the clothianidin m‘édums { CLO 2393, CLO
243 239h) could not be confirmed with certainty because MS/MS fragmentation did sot vield the
244 chlorinated component (Figure STI-S14; Level 3 confidence). Nevertheless, chlorination is most
245 likely to ovcur at either of the secondary amides be‘cauﬁe HR-MS/MS fragment anaifysis. indicated
246 that the chlorothiazole component was not further chlorinated (Figure $8-S14}. Fragmentation
247 analysis of CLO-THX-H 270 generated either with clothianidin or thiamethoxan as the parent
248 compounds suggests that chlorination oceurs at the mitrogen t:iﬂ‘thf:’i‘ from the nitro group because
249 achlorinated fragment conststent with this structure was present {Figures 89, $10; 834, 833; Level

250 2beconfidence).

i3
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254 Chiornation of imidacioprid fmms three major transformation products {hersafter: IMi-urea
282 246, IMI 290, and DM 341), Product IMl-urea-246 is chiorinated snidacloprid-ures, which we
253 previously dentified tn our independent analysis of products generated from the chlorination of
254 an imidacloprid-urea standard {described above). IMI 290 is chlorinated imidacloprid (without
235 loss of the nitro group), with chlorination most likely ocourring at the secondary nitrogen in its
256 guaniding h}i&izzt}a One product, IMI 341, could only be confirmed to level 5 confidence,* thus no

237 structure is proposed.

14
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258 Table {: Transformation products of clothianidin, imidacleprid, desnitro-imidacloprid,
2539 imidacloprid-urea, and thigmethoxam,

Naonicoth et Ehiforination and Hydrohusis Transformistion Prodints
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261 fThe confidence level and structure of each product is characterized according to the Schymanski et al.

263 2014 fammework for wentifving small molecnles via high resolution mass spectrometry. PAlL samples were
263 analyred in in ESI positive mode (Lo, fon [MAHD =compound exasct maess+HL High-resolution
264 fragmentation patterns are presented in Figures 56-840,
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265 Eavironmental Implications. This {s the first known study 1o report neonicotinoid metabolites in
W6 drinking water, and builds upon our prior research™ and a subsequent publication from Canada®
267 demonstrating neonieotinotds m drinking water. We also show that nmnic:ﬂtim;si{is; and their known
268 metabolites van form transformation products  during disiuféczia‘sn andfor lime softening
269 - {hvdrolysis at elevated pH) at timeseales relevant to water treatment ¢ distribution. The mammalbian
270 toxicity of transformation products formed during water treatment processes remains unknown. It
271 15 possible that chlorination of neonwotinouds and their metéh&ii'tﬁ:,&; witl impact receptor binding
272 interactions and alter their bicactivity relative to that of the parent neonicatinoids or known
273 metabolites, a scenario that requites further .im-'ea‘ii_gatimm Several transformation products
774 identified (CLO 239a, CLG 239, C LO-THX-H 270, IMI 246, THX-H 248, DN-IMT 243 and DN-
275 IMI279) appear to lose the nitro-group through chlorination or hydrolysis, and/or gain one or more
376 chlorines—both characteristics that may ncrease mammalian toxicity M35 Additional
277 studies are needed to better assess temporal and @;paiziai tr&.ﬁds in metabolite peCcurTence { toxicity
278 of chlorinated DBPs formed during drinking water freatment {in&:ﬁ;ding; synthesized stapdards),

279 especially in waters impacted by parent neonicotinoid insecticides.
280

2R BUPPORTING INFORMATION, Additional muethod detatls, stanstical analysis, quality

282 assurance / control, additional detailed data / results / analysis in figures and tables.
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Analysis of target compoumis and thedr stable isotope sarro-
gates weas by Higuid chromatography and tandem mass speciipme-
etry with elecuospray onization (LC-ESERMS/MS) using 2 Qlrap
55300 {nstrument coupled with an Agilent 1100 HPLY purchased
feen Applied Blosystems-Seiex {Concord, ON, Canada). The injec-
tion volume was 20l Analytes were separasted chromatographi-
cally using a Genests Reverse Phase T8 (150« 20 mun 1B, 4 um
particle size} column coupled to a guard cobumn with the samie
packing material {4 mwn » 20 rom); both supplied by Phenomeney
{Torrance, CA USAL The column was not eated and it was eluted
with a binary mixturs of 2 mM amumonium acetate in MIBIQ water
weith L% acetic acid {Soheent A and aretonitrile with D.1% acstic
acid [Sulvent BY The sohvent gradient was: start at 10% Solvent B in
Sabvenst A, then incredse (o 50% by 3 min and continue increasing to
97% Solvent B iy 3 mun and then hold for 2 minnte ar 87% Solvent B,
Continue the infrease in the proportion of Solvent B 1o 98% by
2 min, 39% by 0 min and then hold for a minute: By 13 min; reduce
the Solvent B gradient back to 10X Solvent B and bold for 7 min, for
a total run time of 19 min, The mobile phase How was 340 plomin

M3 detection was performed using muliiple reaction moni-
toring (MRM ] i positive fen mode, The ipaization conditions were:
lon spray voltage of 4500V, wemperature of 530°C, pressure of the
fan source gases of 35 psi. The collision gas was helfum, sei at high
flow. The fon transidons monitorad for each targer compound, the
miermal standards and the PROs. as well as the suppliers of these
compounds arg listed in Supplemental Information {Table $15
Cuantification of alf compounds was performed using an exrernal
standard methnd with a nine-point calibration curve from 1 to
200 ng mL~! generated for vach analyte. The response o the in-
ternst standard for each targe! compound (50 ug w7 was used o
account for matix effects and recoveries,

Procedural blanks were provessed as describad for the feld
samples, but the target analyves were not detected in any of these
plank samples. The instrumental detectden Hmits (IDL] were
defined as the lowest amount of analyte {ng) that produced 3 peak
with a signal-to-noise ravie of 3. The Limits of Detection (LODs) for
grab samples were calculated from the DL {ng) divided by the
sample volume (100 mi) The LODs for POUIS were valoulated from
the 10 {ng) divided by the total volume of water sampled over the
14 d deployment, The LODs of the target analvtes ranged from 1 Lo
Guog k™' for grab samples and 0.1-21 ng L™ for POCIS (Table $13
The LODS for the MM that were detected are slso lsted in Tables 3
and 4,

sS4 POUIS sampling rotes

POCES sampling rates were determined using 2 static, daily
repewal protoco! with the NMNis spilved into a synthetic "US EPA
Medium Hard Water”, which has a pH of ~7.35, bardness of
By L and alkabinity of 60 mg L7 {US EPA, 2002}, The recipe for
preparation of this synthete water and the protocols for deter-
miining the samphing rates arg described in detatl in Supplementary
Information {Table 52} Brisfly, single POCIS were placed 3 & ver-
tical artentation in 3L of resy medium spiked with the NN com-
poursds, The spiked rest medinm in each of the st coniners was
replaced every dav. The ests were conducted for 144 in an envi-
ronmental chamber at 3 remperature of 15°Cand in the dark. Bvery
day over the 14d test perlod, & sample of warer [Wml] was
removed from theee randomly selected st containers and the
control container to monior the concentrations of the NNIs iy the
waten On each of days . 3, 10 and 14, three POCS were golivoted
for anakysis of the amnounts of the target compounids accumulated
iry the samplers,

T Sultome oo of, 7 Chemosphere 202 (2018) SB5-513

E5 PRU glimination rates

The rates of elimination of PRCs from spiked POCIS were
datermined in the labaratory using 2 static, daily renewal protocel
with g matris of US EPA mederstely bard water, POCIS spiked with
Dla-ds, propranciel-dr and metoproiol-ds (Le, PRC-POCIS) were
glaced in 3L of rest medivm iy sach fest contalner in a vertical
orientation. & “control” container contaied 3 Lof the test medinm,
but no PRO-POCIS. The tests were conducted for 144d in an envi-
ranmental chamber at a temperature of 1570 and in the dark. The
pest matrix i1 each test container was stivred with g magnetic
stirter at approximately 75 rpm. The test medivm was replacad
every day i each of the test containers. by addition, every day over
the 144 rest period, a sample of water (10 mL} was removed from
three randomly selected test containers and the control container
o mernitdr the conventrations of PRCS in the water. On each of days
0,3, 10 and 14, three FRC-POUS were collected to monitor losses of
the PRCs from the POCIS over time,

L6, Estimgting TWA concentrations

The theory for determining sampling raes for POCIS was pre-
vinusly describied in detal by Sultana eral. (30471 and a descriprion
of the methods used to estimate the dme weighted average [TWA)
concentrations of the farget compounds & included in Supple-
mental Information. Experimentally determined sampling rates
{H3er} were adjusted according to the rates of alimination of PRCs
from POCIS deployed in the field to calculate 2 feld sempling rate
{RSamia). The TWA concentrations of individual NNT analyites in
water {Ow were they calenlated from the mass ing) accomulated
on the POCE (i) over the deployment period in days {1} according
e

C = f { RSt t} {1

3. Results and discussion
31 PQCIS sampting rates

. Lsing a static, datly rengwal protoecst with synthetic water over
P, sampling rates (Bog) ware estimated for the target com-

_ pounds {Table 2 Note that it was ecessary to renew test solutions

avery day and with & single POCS in sach 3L 1est container to
epsure that the concentrations of the target compounds were
maintained at levels within 108 of the nominal concentrations.
Klonitoring of the tesr compounds in the spiked medium confirmed
that concentrations of NNIs were within £10% of the nominal
CORCRHTAtions.

Wihether a passive sampler behaves 45 3 kinetic or equilibrium
sarapler is highly dependent on the partitioning properties of the
targer chemical, the concentration in the water and the length of
the deployment period (Viana et al, 200%), As iHlustrated in Fig. 1
for imidacloprid, the uptake profiles of all NNIs were linear over
14 4, indicating that the POCE is a kinetdc sampler for NNIs over this
deployment period. provided the amounts sequestered on the
surbent do not exceed the nmxdma observed in the calibration
experiment,

Fram the slopes for acournulation of the targer analytes and the
data on the average concengrations of the compounds in water over
the test period, the BOCTS samypding cates were estimared {Tahle 23
Except for thischoprid and dinotefuran, all sampling rates are within
the range of Q1-0.5 L4 7 that are gypical for POUS (HMarman o1
2L The sampling raves for NKE sstimated by Ahreng et al {2
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Fig A Awmmds {nghof mdadeprd sdsosbed vo POCEE sovbers {m - 3o Daps 0.5.18
ared 14 in e watie daily panvenl pestoont with U3 BB myederanly hued wiger @ 1RO

It 3 sratic, novt-renewal sest with river water for imidaclopsid (e
IR thiamethoxam (Lo, 8113 and dothlanidin {Le 0213 were in
good agresment with the Biyg values determined in the present
study,

Senches-Bave and Hyene (200 develnged & paz’s&ive %mpiiw

grethod for mondtoning N usiog sorbeng placed i BEnpoess

disks and found shar sampiing rates ware positively related 1o by
drophobivity. We found & ;:zm\mve relationship bebwesn log Ko
ard the sampling vates = 031 for clothianidin, bradacloprid,
guetamiprid and tmmwﬁwxam ,_fzg, 23, bt this relationship did
ot bodd  the swer hedvophobic (e thiscloprid? and the sy
Indrophobic {(Le. dinstofuran; compounnds were ncludad,

dote that tveg of the NN are weall bases fhe cothianidin
gipotefimant and all othery are wesh acidy Table 25 so tse
gompounds are Hkely to be presenty as anims ov cations, respec-
givedy ot the pH of papurad waters, which ey influsnce advorption
o thi: HLB Oasis magedephase sorbent in the POCIS (et al, 30110
The LS EPR moderately hand water test matrin was selested o
appresirnare the pH, atkalinity and hardosss of surface waers in
ghe studdy region, but this matris does not replicas all the chemicd
progerties of these waters. This synthetic watsr was originally
developed s 3 dandard matrix for tosicity testing, and thers are
ather fopsmuiations that can be weed to replicate barder or softer
water (LB EPA, 2082Y Previons studies 1o deterntine the sampling
rates for contaminants using POCIS and other passive samplers
have hesn convducted with 2 variery of agueous matrizes that vary
in pH. inoic strength, eto, This novel approach of vonducing testy
with an accepted syrthetiv matrlx may be a step wowards devel
oping 4 sandardired apprasch for detersyining sauipling rages for
passhes samplers.

iy betieeen oy Bow andd PU0NS savipting rewe IR
sehisnidie snd acetamipid

Fig. L Relario for yrwdavtapid,

i thisam, ¥

3.2, BEC stfvinarion

The test o derermine losses over doe of the PR [ie. DiAds.
penpranniobdy and metopmiclds? from spibed POCTS were also
sonducted in the laboratory wétix LIS EPA mnderately hard water
{ddaily renewall over Bdas 1570 The slimination pate constants
fLe By paren? vonrs sstionared from the frst onder kinstios of fosses
af the PECy over time, Elimination rates pov day were very
consistent for the three PROS ot ~DL0248 for suetoprolul-d, 00268
for propranoiol-ady angd 30345 for DAy We praviously svakiated
the wse of proprancioddy and metopeolul-dy o FRO: i POCIS and
corwhuded that chese basic compounds were suitable hecauss ahay
showad elinination between 30 and 30% over 0d in a flov
tanngh systern {Sudtana of al, 27L The acidic compmund, m&*
dy has been previoly used a3 3 PRO for monitoring pestiides in
surface waters { Lizsalde of al, 208, Maxzeii;z ot sl {HI mported
» higher rate of plimination Sy Difeds of 0057, bat these authors
wsgd very different ggperimentyd mnc{:{;wm for determining the
rates of shimigation of this componnd. The rates of elimination of
thews PRUS with different chamdeal properries were used as an i~
dizator of the fug of target NN betweeen the aquatic snvimniment
angd the POCS serbent. The use of different PRU: 1o adiust the POCES
sapnpling rates for anidic and basic compundy is 2 novel approach
that makes @ significant cowriburion to the development of POCIS
4% a wonitoring ool for pesticides and other watersoluble
contaninants.

Al PRCspibeed POOIS deployed i the feld were analyred for the
armesints of the three PROS remuaintng in the samplers a3 the end of
the duploymuent peried, The date on the amounts of these com-
poumls in the POCIE after deployment relative i ihe amouris in
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rhye feld blankg were used pyestimare elimination rates fle K v
sew The ratio betwecen elimination rates in the field and in the
faboratory were uied ® caloulae Exposure Adjustrosnt Factors
{EAFY, The EAB: calolated from PRC data for POCS deployed at
the stx DWIPs are summarized in Supplements) Information
{Table 333 BAF values» 1 indicale that the PRCs were sliminated
more vapidly from POCIR deploved in the field relative 1o the
elimination of the PRC compounds observed it the laborarory. A
variety of in situ envionmental Tactors can increase the rates of
fhax gcroess the POOIS membrane, including Mgber water tam-
peraturss and flows {Harman stal, 20731 The rates of elindnation
of PRUs ware detenmined in the laboratory at 15 0 and with only
fughet mnixing. while there were high Hows and water tamnperatines
in the range of 2124 C in the deisking water treatment planis
{Tabde 1} Therefore, the BAF values » | ohserved iy most cases
were expected, Blofouling can reduce the fux of compounds in
POCIS (Havmnan o al, 2013 ) and some binfouling was observed in
fintd deploved POCIS; especially for those devices deplaved in the
raw waker, This may explads the refatively b EAF values calcu-
lated feom PRO-POCIS deploved i vaw water in DWTPY, DWTPS
and DWTPE {Supplersental Information, Table 531 The pH of raw
drinking water {Table 13 was slightly higher than the pH 7.5 of
the medivm used o determing PRC elimination in the laboratory,
so this may also have altered the flus of PRCs in the feld

There was generally good agreement between EAF values
cateulatnd from all three PROs, exvept in DWTE 4 and DWTPR 6,
wisers there were differences between EAFs for the two hasic PRI
fhes metopolol-dg, propranclol-dy) and the EAF fw DlA-ds
Therefore, the EAF values determnined from elinination vates for
DAy weere applied to Al auidic NMs and the average of the twe
EAF values for metoprolol-ds and propranclol-dy were applied o
the only hasic NN that was detected, clothianiding Unfortunately,
no PRO data were available for POCIS deplayved in treated water at
IBWTR 3, 3o the average EAF values caloudated for the PRC-POCE
deployed in teated water across the other five DWTPs was
applied to caloulating the sampling rates of NNIs in veated water
ar DWTPI,

3.3 NN i drinking water

The dara on the mean conventrations from replicate {n =3}
analysis of the N8s ty grab samples of raw and weated drinking
sweater coltecoad on the day of POCIS deployment (Lo, Sample 4
and spproimately two weeks baer at the day of reerfeval fle
Sammple 21 are suwmmrarized W Table % Thiamethoxam dmd imi-
dacloprid weye detected i both rawv ansd tregied drinking water,
and ciothianidin was detected in only oy water {Table 33 How-
ever, the data for grab samples were bighly vartabla. For instance,
refatively high mean concentrations of thismethoxam werg
detected in treated drinking water from DWTP 4 in Sample 1, but
this compoumd was oot detected at all i treated water from this
feation in Sample 2 {Table 3% Comveevsely, imidacloprid was
detected fn Savople X bur not by Samiple 1 {Table 3} The mean
concentratinns of the analytes in grab samples of treated dripkiig
waler were slways lower than in the raw water, Avetamdprish,
dinotefuran and the bydroxy-transformation producy of imida-
cloprid weye not detected 3t conventrations above the LBD, and
shiacloprid was ouly detected in raw water from DWIP &
{Table $1% Overall, the ranking of the mean measured concen-
wrations of the MMy detected in grab samples of raw deinking
warer were thiamethoxam » cothisoidin »
inidacloprid » thiaglprid,

Thir data on the amoonts of the §RE Dy acounuddated on the
FOUCIS by the end of the deployment period are summartzed i
Suppleental Information {Table 33) and the MRCworrected
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sampling rates (Rsaae] for both sides of each reatment plant s
slser surnmarized in Supplemental Information [Table 855 The TWwWA
concentrations {og L7 summarnized i Table 4 were gstmated
frovn these daty qecording o Bguation {15,

Dverall, the TWA concentrations extimated frory the POUS weare
consistent with the data generated from yrab samples. Both data
sets showe that the lowest concenirations of the MMl in ow
drinking water were shserved 1o DWTP 1 and DWTR 5, wiiile the
Mghesr were from WP 4 and DWTP 8 The data from both the
grab saroples (Table 30 and POCIS (Tably 47 indicate that thiame-
shomam was prasent At higher concentrations than dothianicdin
all DWTEs, exnept at WP 4 where the ssthmated TW& ooncen-
trarions of these e NIz were appeeshmarely sgual {Table 43
Although imidactoprid was sdetented frequently in raw water, the
ansformation producy of gus compound (e 5

5 hydroxy-
intdackoprid} was not derectad in any of the samples. This trans-
formation product was included among the sarget analyizs because
ipidacioprid Is doown te be prasens ot high concearmations i
surface waters {Morrissey ot ol 20850 and also, we were able to
obitgin an anabytical stendard fnr this compound. Dinctefuran was
abso not detected: i any of the grab samples ov In the POUS
Aceraripeid wax deteered ar tow TWA comventrations estimated
fromn the RIS samples {Table 41 but not iy the grab samples
{Fabla 3}

The POCIS thar were spiked with PRCs in the laborarory (e
Replivate 37 genecated estimates of concendrations of NN that
wepre aften stightly lowser than the RIS purchased divectly from
the supplier {Table 4y, This may reflect differenges in the misthods
fw‘ falwicatiog the samplers from the commercial suppliers and in

he laboratory, respectively. The Brequency of detection of the target
u}mpfmmi i POCES deploved o treated drinking water was vuch
higher Shan the frequency of detection in grab seroples. Therg 8
alser 3 wary high Feguency of non-detecrs of MMES iy the corrent
monitaring program for ueated diinking water by the Onavio
Mindstry of Environurent and Climate Chaage. This dlusirames the
value of using passive samplers for routine monitaring (o

pre MY AR G50 3%

corwentrate the tanget compeunds to detectable lavels, as was alio
showss In aor previcus survey of pharmacsaicals in deinking water
using POCES [Mlewalfe of af, 3

I general, the results of this study are consistent with the
previousty published study on the levels of NN in the drinking
warer treatment and distribaution system for the University of towa,
LSA, where three nsectivides &t refative concentrations of cioe
thianidin » imidacioprid » thiamethoxam were desected in grab
samnples collected w fune and _}uiy of 2016, with concentrations of
clothianidin as high a5 5%3ngl”" Klanich et gl 2097% This
maxinum concentration iy slightly lower than the maximuam
coneentrations of clothianidin measured 1 grab samples of raw
drinking warer frorms DWTP 8 (Sample 1), but i 5 consistent with
the TWaA contentrations estimated ag thix site from i sitn POCK
monitoring. Howsver, the mean conveniration of thiamsthogam
observed in ong of the grab sampiles of raw warer from DWTP4{Le,
Sample 15was 283.5 ng L7 DWTP ¢ tales its water from an intake
i Lake 3t Clair that is highly mpacted by auriosbiural runoff thar
transported into the Thames River watershed in Ontario (L8 er al,
03 M bave recently bheon shown 1 be present ot bigh fre-
quencies in the Thames River {Soruger et al, 2017} Fig. 3aiflostrates
the daify discharge mizasured in the Thames River gver the moni-
toring period in 018, and these data show thar there was a farge
precipitation-driven fncrease fn dver discharge just before the
POCIS were deployed at DWTP 4 that may have contriboed 1o the
fransport of NNl into the source of drinking water. Similarly, ther
were precipitation-driven incrsases in the discharge of the Grand
River over the period of BOCIS deploymient [Fig. 35} and this may
have contribored to the ransport of the NNis that were detected In
TP 6. The high proportion of tile-draned agricoitural Helds o
the region would have contributed to the rapid trasport of NNis
inte setrcss of drinking water {Chrdtien o ab, 2007

However, we may have missed the peak congentrations of Ndlis
in drinking water because the POUIS were deployed and the firse
grale samples vollectsd at the beginning of by Xbls are typically
applisd to agricultueal Belds v Ontario, Canada in eardy fune, so an

TFakle 3 .
Estimated TWA sonpcentrativas o b i pepdicas PO (o = B deployed i vaw and treared deinding water st eastrol sin deinking watsy yreatroest plant DT Hu
Finagie, Canade asid i Bodd bk ﬁ&h W s mon detected @ ConERIEENToE w (08,

Zsbimaned s Thiges thoxans Chothianbiin Tistacloprisd T actnpridd Averasoiprid
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'Effects of Neonicotinoid
mmﬂmém on Physiology and
Reproductive Characteristics of
e’ Captive Female and Fawn White-
T tailed Deer

Elise Mughes Berheim®, Jonathan A, Jenks
Daniel Grove® & William F. Jensen®

|, Jonathan G. Lundgren?, Eric 5. Michel®,

Over the past devade, abnormalities have been documeantad in whitetatled dear {Odocoifeus
wirgiofanes) in west-ceiviral Montana, Hypotheses proposed Yo sxplain thase anomabies ncluded contact
with erdocrine diseupting pesticidaes, such as nidadioprid, We evalusted the effects of imidacloprid
experbmentally at the South Dakota State University Wildife and Fisheries Captive Faciliby where adult
white-tailed desr formales and their fawns were administerad aqueows irnidacloprid {an untreated
contrel, 1,500 ng/, 3,000 ngfl, and 15,000 ng/L). Water consumption, thyreld hormone function,
behavioral resporses, and shull and jawbone messuremaents were compared among treatments,
Additionally, liver, splean, genital, and brain imidagloprid roncantrations were determined by an
wrryrae-lnked immuncsorbent assay (ELISAY. Results imlicated that 1) control deer consumed more
weater than treatraent groups, 2) imidacoprid was present in the organs of our control group, indicating
environmental contamination, 3} as imidadleprid increased in the spleen, fawn survival, thyroxine
levals, jmwbone lergths, body weight, and organweights decreased, 4 adult female imidacloprid tevels
n the genitals were negatively corralated with genital organ weight and, 55 bebavioral observations
indizated that imidadoprid levels in splesns were negatively corralated with activity levals in adul
farmales and fawns, Results demonatrate thatimidadloprid has divect effects on white-tailed deer when
sdmiipistared at fald-reluvant doses.
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wider cormumplion wnong realment and control groups with date used a§ 2 covariate, To detect imbdacloprid
soneentrations as the imidacdioprid waker sas consumed, 5 3-d sxperiment was sonducied. On day L the: appris

priate treatient of comtrol group concentrations were created in Sve, 53 L galvanized tubs. On day 2, 50% of
the water was removed from all tubs, On the thind Jay, nearly all water wias renmved from the tobs fmmz‘;%, anly
encugh water o enat the bottom of tubs, Samples {15 mL) were collected dafly from sach tb, This procedurs
sdimsicked warer heved reductions due to deer consurmption, Inidacloprid sumples wore analyzed nsing FLISA
{ompyme-livked immunosorhent assay: Abraxiy, Wirminiztar, PAS See Section 4.7 for provedures).

Collection of blood samples.  Blood samples were collected from sdult ferades and fawns in treatments
using BE Vacutsiner Seram tubes {Becton, Dickinson, and Company, Franklin, N1}, We collected g i 12 mk
of blood frow the saphenous vein approvimately mouthly during treatments while desr were hedd i a chute
{Friefury Wililife Bquipment Degr Chute; Prigfert™, Mount Px&mm, TR We collected blowd samples £ 1-10ce
from the saphentus or jugular] from Fowns pefos; 1wl after parturition sod ot spprocimately 5 mo of sge. Blood
sarnples were rairxgz,mtesi uniil processed to extonct serum {1 h 10 2 43 Upon reaching the lab, bloed sumples were
centrifuged (Ultra- 8% LW Sttentifle, Lawrenceville, GAY for 13 min at 380 2 g Loy separiste serum For testing FI3
{free irtindothyronine} snd FT4 (free thyroxing hormuonss,

FT3 gud FT4 theraid bormones seffecs the abifivy of the deer to utilize body far reserves, regulute basal muta-
bolic rate, sad contrel theemal regulation™. Serum fram blood sarnphes was transterred o fabebed 1.3 ml mvicrn-
centrifuge tubes {Brand Tech®™ Scientific fnc., Bssex, CTh seated, and frowen st - 20°C. Thess samples were then
overpighted o the Diagnostic Center fiar Population and Antmal Health at Michigan State University (Lansing,
AT for FT3 and FTY teating. These sasays were performed with commercially available solid-phase radioim-
s hirs (FREE T3 Solid Phase Component Systeny and Free T4 Solid Phase Companent System, MP
Biomedicals Disgnostics Division Orangeburg NY 10962} The velumes of sample, assay standards, and ruifieli-
mfwl were used .wcordmg tre the manuizceurer’s protocol. ncubation times for free T3 and free T4 assays were
Tihand Lih, respectively, at 37°0.

=

Behavicoral Observations.  Focal sempling of bebaviorsl observitions were collected on trestinens and
control groups privr te death, Bebuwiors included eat, lay law/groom, layfruminate, stond/raminade, ros,
starad, stapadigrosan, st/ aurse, aned walks for fawns, the behaviors L}'ﬁ‘tﬂfl ard favisteep also were revorded.
Obsereations were conducted in 1 h blocks using an sthogram®™. f:‘l.i{ii}é, tiene blocks, vevnrrences of behaviors
were tdlied and the duration of each behavior {in ) was reonrded, Observarions poourred bepwern &0 and
LEO0. I cach eawmn( an muu ;z‘maif ar hm T Wikh mmﬁmw & hmcn {MS“‘ aut replacertent) from each reatment

and contrad group |

Mecropsies,  Alldesrin the experioment {adult fomsales ad lawns) were suthanized and subsequently necrop-
sied using LACHC approved protcslks. Fowns wese eutharizoed at the end of vach field 1 {Qckaber M3
apud 20163 v adelt feovales were cuthanized at the completion of the study (October 20181 Adul fomales and
fawns were Arst trasuquilized using xviagine (Baver, Englewnod, Colorado and telezol (Zoetds, Parsippany- Troy
Hills, New Jersey when held in 2 Priefert deer chute and, once immobilized, wers suthardzed usiug sutharasia
sestutinn (MW Veterumary Supply, i*’»nisc 104 according to manufacturers suggested dosage. Cnce doss and fawns
were enthanized, thary were frozen at - 20°C, Al fuwns wnd dess in the veperiment ware necropsied at the South
Dakets Andmad Digesse Research ‘m& I?im@m»m Laburatory, South Dokt State University, Brookings, Seuth
Dakons.

Mecrpsies were perfirmaed by De David Koudsen {assiated by B, Hughes Berhetm?. Liver, baain, spleen, and
genitad organs wers extrasted, w fig,j’lt, i, avd 254 cree® svmples were collected, addittonully, we collecied fawn frwe
hones b determine gl Crgan samples wore then frosen at —28°C untl they could be analyzed using ELISA.

ELISATesting.  Imiducloprid levels were determined for sach asgan vollevted. Brnin, feer, sphewns, snd genital
sarmples were ramoved from the freezer, and a portion of each organ {3-0 75 g) was minced nsing 1 seribized
scalpel and placed into a pulyprogylens micro contrifuge tule, Water was adided 1o the tube avaratin of 1andolg
tissue sumple. Bach misture was shaken ssing a vartex (Thermo Sclentificd, hueated in an 88°C water bath fiw
1 min, sod frogen at - 207°C Frozen mixiores were thawed and conrifoged {Centrifoge 53424, Eppendorf} at
21,130 r Dvin, The lauid was extracted snd placed into separate micre centrifuge tibes; veraining solids in
the vrgan samples and remuining liquid wers refrozen. Liguid semples were vorteasd wnd 8 25 L portion was
egpracred sod placed brgo s separaie wicrocentrifuge tube. The snecsss Bynid xim was stoved frozen, The romaining
Heguried s mboed with 25 ol of water, vortesed for B, and contrifuged for 23 in prepuestion for the BLISA sssap

Al gampiw were read at 458 nm using o micmplate reader {uQuant, E’zme%\ Tastrumersts, Winsoskd, YT B s,h
plate had a bast twe standard surves of purtfied Inddadoprid (Product number: 37854 SIGMA-ALDY
Lausis, M, UBAYL Tnpe eparation {or the standard curse on esch plate, samples from negative adull females were
witved fogether to &u,\umi for the muatrix effect of the organg and # stock solutivn of ddachoprid was created at
G0, 043, 006 (13 8,25 0.5, L8, and 28 ppb. The standard vurve on the BLISA phue vontained 25 gl contral
nrgan in mimmr wtih 2538 of the stexk sobntion of imidacloprid, dreating eight wells with voncentrations that
gomprised one standard curve. We were unable o we the control ergans tn our standard enrve because sur
experiment was unintentipnally contaminated with imidacloprids therefore, we used the deer samngre with the
fnwest absorbance vilue as ous baseline for guansifing imidacloprid quantities. We aptimized the Houe prepa-

ration approach for this ELISA on solid ssnples using pesr-reviewed methods™-%.

Analysis.  Data collectod In gxpecimonts were analyzed using Systat 13 (Systat Software Ine., San Jose, TAL
Mtale and femals fown organ concentrations for thosy fawas that survived versus those that &l were comparsd

s i-tests, O ELISA vesults indicatedd that there was vontamination of our contrad group. &4 a vonseguencs,

1 RE 3 | htvps dolarg 10 03841 S3R-01 R0 00058
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Movember 13, 2017

Comments from the Natural Resources Defense Council
On the imidacloprid: Human Health Draft Risk Assessment
for Registration Review (June 2017)
Document 1D EPA-HO-OPP-2008-0844-1235

Comments submitied efectronically to Docket |D: EFA-HQ-OPP-2008-0844-1234

The Natural Besources Defense Council {NRDC) has no direct or indirect financial or fiduciary
interest in the manufacture or sale of any chemical or methodology that would be the subject
of these comments. :

These comments are on the Imidacloprid Human Health Draft Risk Assessment {2017), herein
referred to as EPA HHDRA.

BACKGROUND

Imidacioprid is one of the most popular and widespread insecticides in the U5, The
neonicotingid or “neonic” pesticides are used to treat soil, seeds and foliage to control sucking
insects such as rice hoppers, aphids, thrips, whiteflies, turf insects, sail insects and some
beatles.? Imidacloprid is most commaonly used on the following crops: rice, cereal, corn,
potatoes, vegetables, sugar beets, fruit, cotton, haps and turf.® Apart from its use for crops, it is
also used in and around homes, vards, gardens, and public parks and green spaces to control
termites, and fleas on pets.?

ety fweww ragulations gov/document D= EPA-HQ-OFP-2008-0844-1233

*imidacioprid. Extoxnet: Extension of Taxicology Network,

hitgr/fomep.coe. ool edu/peofiles/extosnet/haloxyfop-methylparathion/imidacloprid-ext.himi
Yimidacioprid, Extoxmern: Extension of Toxicology Network,
hitg:/fpmen.cor.cornalladuprofiles/extoxnethaloxyfop-methylparathion/imidacloprid-sxt. hiead,
*ridacloprid: General Fact Sheet. 2010, National Pesticide (nformation Carmter

hitpy/ fopic.orstedu/factsheets/imidagen htmidwhatis
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tmidacloprid is also used as a seed treatment ~ a use that NRDC opposed in our commaents to
EPA on its preliminary aguatic risk assessment for imidacloprid {uly 201717 The value to
farmers of these costly and environmentally-damaging seed treatments is increasingly shown to
he negligible or marginal at best. A 2015 multi-state University Extension report sharply
questioned both the economic and environmental justifications for using neonicotinoidtreated
seed in sovbeans: “To summarize: For typical field situations, independent research
demonstrates that neonicotinoid seed treatments do not provide 3 consistent return on
investment.® 7 2 The current use of neanicotineid seed treatments in soybean and other crops
far exceeds pest pressures.”® Since then, reports by academics™, the Center for Food Safety
{2017)"%, and EPA experts (2014)* have provided further evidence to support these
conclusions. Waorse, the toxic suil residues from nednic seeds may make pest control even more
difficult by disrupting biological contrel systems. ¥ ¥ indeed, a study by Douglas et al (2015)
reported that in siog-infested fields, soybean grown with neonic-treated seeds had poorer
yiglds than counterparts grown without neonic seads. *®

% oo NRDC commants on EPA Preliminary Aguatic Risk Assessmant, July 2017, FRA-HG-OPR-IO08-0844-1 148,
Availzble 5t Mtps/fwwwcregulations govidocument?O=ERA-HO-OPR-Z008-0844-1218

*Hodpson, B, and G, vanNostrand, 2014, 7014 Yellow Book Repert of insecticide evaluation for soyhesn pests,
31 pp. Department of Entomelogy, lowa State Univarsity, Publication 296-14. Hodgson, EW., and §. VanNostrand,
2013, 2013 Yellow Book Report of insecticide svstuation for soybean pests, 25 pp. Department of Entomalogy,
towa State Undversity, Publication 29413, Hodgson, EW., and G, VanMNostrand. 2012, 2012 Yellow Book Report of
insectivide gvaluation for sovbean pasts, 35 pp. Department of Entomology, 1owa State University, Publization 291~
12, A3 reported in: htpfento. psuedufatensionfield-crops/fact-sheet-Efectiveness-of-Naonicotingid-Sead-
Treatmems-in-Soybean .

 Seapraves, ML, angd LG, Lundgren. 2002, Effects of neonicotinoid seed treatments on soyvbean aphid and its
ratural enemies. Journgl of Pest Science. 8% 135-132.

2 adcCarville, M1, MLE. O Neal, B.D. Potter, K1 Tiimon, .5, MoCornack, LE. Tooker, and [LA. Prischmann-
Yoldseth. 2014, One gene versus twa: A reglonal stutdy on the efffcacy of single gene versus pyramided resistance
for soybean aphid management, Journal of Econumic Entamology. 107: 1680-1887

* Bailey, Waynn et al. 2015, The Effectiveness of Neonicotinoid Seed Treatments in Soybean” Purdus Extension
Service {and others), £-258. December, httge/fento pswedu/estension/Meld-cropsfact-sheet-Effectiveneis-of-
Neonicotingid-Seed-Treatmants-in-Soyhean '

W ¥rupke CH, Holland I, Long EY. and Eitzer 8D, {2017). Planting of neonicotinoid-treated maize poses risks for
honey bees sl other non-target erganisms aver 3 wide area without congistent srop vield benafit, § Appl Eeol.

B Canter for Food Safety report 2017, Alternatives to Negnicotingid Insenticide-Coated Corn Sead: Agroscologicsl
dMathods are better for Farmers and the Environment.

htiped Pvwew canterforfoodsafety.orgfissues/ 304/ pollinntors-and-pesticidesforess-releases M9 T fandmark-report-
shows-bee-killing-sesd-coatings-arent-warth-the-harm

$EPA 2014. Benefits of Neonicotinold Sexd Treatments to Sovhean Production,

https:ffwwwaps gov/sites/production/files /2014~

1 dorumentsfosnefits_of neonicotingid_seed trestments_to_soybean production 2 .pdf

¥ eagraves, MLP, and LG, Lundgren. 2012, EHects of neanicotingid seed treatiments on soybear aphid and its
natural snemies. Inurnal of Pest Science. §5: 125132

* Oouglas, MR, LR. Rohy, and LF. Tooker, 2014, Neanicotingid insecticide travels through 8 soil food chain,
disrupting biological control of nor-targes pests and decreasing sovbean yield. Journal of Applled Ecology.

B pougias, MR and LE Tooker, 2015, Large scale deployment of seed treatments hiss driven rapid Increase in use
of nzonfootinald fnsecticides and proemptive pest management in US fisld crops, Environmental Science and
Technoiogy.
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Figure: US. Geological Survey map of estimated agricufture use of imidacloprid for 20159
Mote: State-based and other restrictions on pesticide use may be reflected in the EPest-low
estimates because they are based primarily on surveved data.
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fmidacioprid kills insects by debilitating thair central nervous system. [ mimics nicotine and
birds to nicotinic acetyicholine receptors, blocking the receptor and thereby preventing nerve
cell transmission, leading to paralysis and death in Insects. In humans these feceptors are
found in neuromuscular junctions and the central nervous system’ Imidacioprid is a systemic
insecticide. When plants take it up through soil or leaves, it spreads to other parts of the plant,
such as its stems, fruits and flowers. Insects that chew or suck on these omlants ingest the
insecticide, which attacks thelr nervous system and kills them. ™ MNeonic pesticides also are
absorbed into the plant tissue of milkweed ~ the sole food source for monarch butterfly larvae -
rendering the milkweed deadly to the caterpillars and other beneficial pallinators, *

Imidacloprid residue on boby and children’s foods

Mew and disturbing evidence shows that imidacloprid s malking s way ibto our food and water
supply. The United States Departrment of Agriculture {USDA) Pesticide Data ng?am {FOP}
maonitors imidacloprid residues in food. Actording to the Pesticide Action Network publicly
searchable database, "What's On My Foad”, using data aggfegated from public sources

W HISGS, Mational Water-Dushity Assessment (MAWOA Project. Estimatad Aanusl Agricuitural Pesticide Use.
Pasticide Use Mans - leddacioprid, o _
ht%;}&:ffwater.uggs‘gm(fnaws:;ai_;::nm}z;mgé;’mamsfs&hqwmmap.php?‘ym;mf}i map=IRDACLOPRIDR hiloeL8disps!
midactoprid S ,
¥ tmidactoprid: Geners! Fact Sheet. 2010, National Pesticids information Cauter,
htipef npic orst edu/actshentsfimidagen himitwhatis,
w im;éadf\;,r;u General Fact Sheet, 2010, Natfonal Pesticide z‘umstm Center,
mm e Qf"st eduffarisheetsfimidagenhimiffahatis ‘ .

¥ pocenka, LR, and LG, Lundgren, 2045, varvm’g@ offects of clothionidin on maonarch butterfling, Soience «
Bature, 1082; 18, '
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including the USDA PDP 2012 data, imidacloprid was detected in the following baby foods and
common children’s foods: baby food - applesaure {0.3% of samples); baby food - pears {(13.6%
of samples): bananas {1.8% of samples}; apples (20% of samples); cherries {14% of samples);
and grapes {48% of samples}.® Detection rates were greater in fresh, unprocessed fruits and
vegetables, Morgover, the pesticide’s systemic nature means it cannat just be washed off the
surface of these foods prior to consumption,

Imidacloprid in woter

A study by the U.S. Geological Survey found widespread neonic contamination of streams
across the country, At least one neonic pesticide was detected in half the samples collected,
with imidacloprid being the most frequently detected contaminant {37% of samples).™
Interestingly, clothianidin and thiamethoxam concentrations were higher in agriculture areas,
whereas imidacloprid concentrations were higher in denser urban areas within the watershed.
This suggests that its urban uses in lawns and gardens, and parks and public spaces are having a
measurable impact on watershed contamination, including sources of tap water. Imidacloprid
was reported in tap water in lowa City, causing alarm for residents.® EPA has not established a
mandatory drinking water limit {Maximum Contaminant Level, MCL} for imidacloprid or any of
the other neonic pesticides.

imidocloprid exposure from residentiol uses.

imidacloprid is approved for a wide range of residential uses that lead to exposures to
vulnerable populations, including women of reproductive age, infants, and toddlers. it is
permitted to be used on ornamental turf and plants, residential lawns and gardens, pels {spot-
on treatments and collars), bed bugs, crack-and-crevice treatments, and on wood as a
preservative and termiticide,

Advantage® is a popular anti-flea treatment applied topically to cats and dogs. #t contains 9.1%
imidacloprid. In one study, significant amount of transferable residue was found on the dog's
coat up to 4 weeks after a single treatment. ™ According to the authors, Advantage® may pose
health risks for ndm:ﬁuais who regularly handle pets such as veterinarians, pet pwners and
am&@m”

B pan, What's On My Food, Publicly searchable database, Pesticide Action Netwark,

hitps/ fwvew whiatsonmyfood wrgfindes. jsp

I piladik, ML, snd Kolpin, DU, 3018, First sationsl-seale reconnaissance of neonicotingld insecticidas in streams
aoross the USA: Ersviranmental Chemistry, doi 10 1071/ENLS0EL. Online hers

hittps:/ ftoxics usgs.gov/highlights/2015-08- 1 8-nationsl_neonics.html

“ Jaxen 1. 2017 Breaking Study: insecticides Found in towa Drinking Water. GreenMed info,

nitp:f feeww greenmedinfo.comdblog/breaking-study-insecticides-found-fowa-drinking-water.

3 Craip 84S, Bupta RS, Cander T, and Britton DA, J00%. Human exposure 1o imidackoprid fram dogs treated with
Advantage®, Toxicol Mech Methods, 15(61287-91.

 Craig M5, Gupta RC, Cander TD, and Britton DA, 2005, Human exposure to imidacloprid from dogs trmt&i with
Advantaga® Texico! Mach Methods, 15{4L387-91.
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Imidacloprid poisoning incident data gathered by the EPA between 1992 and mid-2009
documents over 22 thousand minor poisoning incidents in people from residential uses.® Most
people were exposed from applying imidacloprid products to lawns and gardens, or by playing
with pets that had recently been tréated for fleas and ticks with zmedacmprrd-mnmmmg
products. Reparted adverse effects included skin irritation and rashes, numbing and tingling on
fingers and lips, facial numbness and swelling, lethargy and nausea. Over the same time EPA
documented aver 4 hundred deaths of domestic animals, mainly dogs and catq freated with flea
and tick products,

A study by NiH-furided researchers from UNC Chapel Hill and UC Davis reported that frequent
exposure {seif-reported by parents) to imidacloprid applied as flea and tick treatments for pets
{Advantage by Bayer} during pregnancy was assoclated with an up to 4-fold elevated risk of
Autism Spectrum Disorder {DR 2.0,95% C11.0-3.9) in prenata%lwe’xpmad children.®®

These studies together support the use of an FQPA factor of at least 10X to prwent harm from
prenatal and early life exposures to am;dacleprsd ‘

FOPA — EPA FAILED TO ADDRESS RISKS TO CHILDREN

Under the Federal Food, Drug and Cosmetics Act {“FFDCA”), EPA may nat “establish or leave in
effect a tolerance for a pesticide chernical residue in or on a food” unless the Administrator
determines that the tolerance is safe. 21'U.5.C. § 346a{b){2}{A}i}. The Food Quality Protection
Act ("FQPA™), a 1996 amendment to the FFDCA, requires that EPA make an affirmative
determination that there is reasonable certainty of no harm from use of a pesticide in
accordance with its label, and it must make this finding considering aggregate and cumulative
exposures to infants and children. Id. § 346a(b}2HCHi0), {1}, EPA must revake a tolerance if it
finds a pesticide residue would not be safe. id. § 346a(b}{2}{A}i).

EPA HHDRA (2017) determined that the Food Quality Protection Act {FQPA] factar couid be
removed (reduced to 1X), based on the following reasons:
1. EPA finds that the toxicological database is adequate, there dre no major data gaps;
2. EPA believes that the observed neurgtoxic effects are well characterized and
protected for;
3. EPA believes that all fetal and offspring effects are well characterized and protected
for; and

% US EPA, Spacified ncidants for Registersd Products Containing a Specified Active ingredient Imidacloprid,
Submitted January 1, 19‘:}2 through June 26, 2009, FOIA Reguest ¥HG-RIN- 03.475 09 to Jennifer Sass, NRDC. June

19, 2009,
6 peil AP, Daniels IL, Hertz-Picciotto 1. Autism spectrum disorder, flea and tick medmatmn and ad;uatments for

exposure misclassification: the CHARGE {CHildhood Autum Rss?g from Genetans and Environment] case-control
study. Environ Health, 2014 fan 23;13{13:3.
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4. EPA believes that the exposure assessments are sufficient and unlikely to
underestimate exposure,

We challenge each of the above four assertions as follows:
1. EPA’s assessment has significant data gaps by falling to addr%zss the non-industry

studies in the published scientific literature;
EPA failed to address evidence of developmental risks, including r’aeumbehav aral
and endocring risks;
3. EPA does not characterize or protect for Tetal and offspring effects;
4. Al pet collar uses pose an unacceptable risk to children; they should be cancelled

immediately. Further, EPA’s methods are likely a significant underestimate of risk.

Poud

Accordingly, EPA should apply an FOPA factor of at least 10x to m;daciog&nd Qur detailed
response is below.

1. EP&'s as&essmaat has significant data gaps by falling to address the non- mt;iustw
studies in the published scientific literature

EPA fails to cite or address studies from the p‘eewévieweﬁ published Hterature, which support
the need for an FOPA factor of at feast 10X, Here we describe some of those studies.

Laboratory tests with cell cultures and rodents led the European Food Safety Authority {(EFSA)
to categarize two neonics ~ imidacloprid and acetamiprid - as possibly impairing the developing
human nervous system.”” Non-industry published animal studies report neurobehavioral
impairments in rodents that were exposed to imidacloprid prenatally, from a single high-dose
injection of the pesticide to the pregnant rat (337 mg/kg at day 9 of pregnancy}.?®

There are some published medical reports that can be used by EPA to understand the clinical
sequelae of acute imidacloprid poisoning in people:
¢ A healthy 35-year-old male farmer ingested 350 ml of imidacloprid in an attempted
suicide. ®® After thirty minutes, he began to feel drowsiness, severe nausea and copious
vomiting. After he was admitted to hospital, he showed bradycardia and had a
cardiorespiratory arrest, He did not respond to advance 1ife support, and died.

¥ EESA Assesses Potential Link Between Twao Neonicotinoids and Developmental Neurotoxicity. December 17,
IR e/ fwven afsa puropasufen/pressfnews/ 131217

% ppou-Donvia M8, Goldstein LB, Buliman § Tu T, Khan W4, Dechkovskata AM, Abdel:Rahman A4, imidactoprid
induses newrobehavioral deficits and Incresses exprassion of glial Bbrillary acidic protein in the rmotor cortex and
hippocampus in offspring rats following i utero exgusuce. I Toxivol Erviron Health A, 2008;71{2):118-30.

# shadeia 5 and Hassandan-poghadd M. 2008, Fatal intoxication with imidacioprid insecticide. American journal of
Emergenoy Madicine. 28, 834, - 634.¢4,
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In another case, 3 69-year-old woman ingested 200 mi Confidor, which contained 9.6%

imidacloprid. She also became drowsy and started to vomit within 30 minutes. After

twa hours, she suffered a fatal heart fibrillation, and died 12 hours later ™

s A Zd-year-old farmer accidentally inhaled an insecticide spray containing 17.8%
imidacioprid while working on his farm. He became disoriented and then unconscious,
which lead to further exposure. Subsequently, he suffered extreme agitation, frothy
secretions, cyanosis, diaphoresis, and disorientation. The authars concluded “Clearly,
there is an urgent need for highet toxicity rating and accumulation of human data for
this compound, especially for subclinical neuropsychiatric effects.”3

» A study of Sri Lankan self-poisoning incidents reported on 68 patients (61 were poisoned
from self-ingestion; and 7 from dermal exposure). Symptonis presented in
approximately four hours after'exposure, and included symptoms of nausea, vomiting,
headache, dizziness, abdominal pain, and diarrhea. ™

= Astudy of Taiwan National Poison Control Center reports identified 53 cases of aiuti“

poisoning. Among them, two died from respiratory failure.?® The authors note that the

clinical signs and symptoms presented much like cholinergic poisoning.

A published study of rural residents reported an association between residential proximity to
agricultural use of imidacloprid and anencephaly.® While the study is limited by the potential
for exposure misclassification and by the smiall number of cases that were exposed, it is
consistent with effects reported for othef related pesticides, and highlights the need for
precautionary measures to prevent prenatal exposures, and for more study.

Earlier this year, a team of government and academic researchers published a systematic
review of studies on human health-effects of the neonic pesticides, including case reports of
intentional poisoning studies, studies of occupational exposures, and population epzdem Dng!C
studies.®™ Their review identified four general population studies that reported associations
between chronic neonic exposure and adverse developmental or neurological outcomes,
including tetralogy of Fallot (AOR 2.4; 95% CI: 1.1, 5.4}, anencephaly (AOR 2.9, 95% CI: 1.0, 8.2),
autism spectrum disorder [AOR 1.3, 95% credible interval {Cri): 0.78, 2.2, and a symptom

¥ Huang M. 2006, Fatal ventricular fsbr;ifatmn ina paﬁent w:th anute Wfdat, aprid poisaning, Amermn Journal of
Emergency Medicine, 24{7)1.883-8585,

¥ pitesh, A, and Rajagopals, 5. 2007, Severe neuropsychiatric manifestations and rhabdomyalysis in 2 patient with
imidacioprid poisoning. American lournal of Emergency Medicine. 23{7}: 884-845.

2 piohamed F, Gawarammana {, Robertson TA, Robaerts MS, Palangasinghe €, Zawahir §, ot al, 2009, Acuts humarn
self-poisoning with imidacloprid compound: 3 neonicotinoid insectivide. PLoS One 4{8}:25127, doi:

10137 iournaslpone DO0S 17,

33 phua DH, Lin C€, Wu M, Deng IF, Yang €, 2009, Neonicotinoid insecticides: an amergmg cause of acute
pesticide paisoning. Clin Toxicol {Phila) 47{4):336-341. .

¥yang W, Carmichast 5L, Roberts £M, et af. Residential Agricultural Pesticids EXQO$U{@¢ andRisk of Neural Tube
Defects and Orofacial Clefrs Ameong Offspring in the San maqum Vatiw of California. zim&*mafn Journat af
Epidemiology. F018;1798):740-748, :

¥ Cirming Abd, Boyles AL, Ferry MU, st al. 2017, &ffacts of Neonicotinodd Pesticide Exposure dn Human Health:

A Gysteratic Review. Environmental Health Perspectives. 12502 155-162. http/fdwdoiorg/10.1289/EHPS 15,
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cluster including memory loss and finger tremor (AOR 14, 95% Ch 3.5, 571, %37 After
systematically reviewing and assessing the guality and putcome of the available studies, the
authors concluded that the studies were limited but suggestive of human health impacts, and
that more study was needed giving the widespread use and human exposure to this class of
pesticides. ™

Thess published studies can inform ERPA’s hurman health risk assessment, including its use of
yncertainty factors. These data provide evidence that current residential uses of imidacioprid
products lead to acute poisonings with a range of severity. Further, these data provide some
evidence that chronic exposures, particularly during critical windows of development prenatally
and in early childhood, may lead to persistent neurpbehavioral impairments, These data are
consistent with the neumtomc evidence from animal studies, and lend support for an FQPA
Tactor of at least 1{}X 10 prevem harmful exposurgs to women of regroductive age and young
“children,

2, ERA failed to fully eharacterﬁze developmental risks, including neurpbehaviora! and
am:im:rma fisks

Evidence of Harm in Qeve!a;m’émm} Neurotoxicity Test {Rat) B

To address concerns of early-life sensitivity to imidacloprid, the registrant, Bayer CropScience,
submitted Developmental Neurotoxicity Test results {DNT} {MRID 45537501, Sheets, 2001}, EPA
determinad at the time that Bayer's DNT study did not fulfill the guideline requirements due to
serious flaws in the study design including incomplete data reporting and inadequate positive
controls.® The original study review by EPA asked that registrants submit the following
information to address the “study deficiencies™: complete analytical data; morphometric
measurements for caudate/putamen [brain regions] for females at intermediate doses; and,
additional positive control data. EPA classified it as acceptable/non-guideline, and assigned the
same NOAEL and LOAEL {20 and 55-58 mg/kg-day respectively} to both the pregnant dams and
the offspring.

However, in an undated memo, 8%5@&3%@%&; re-classified the Bayer DNT study as
“acceptable/ guideling” without any additional data or information.® Given the significant lack
of raw data and the inability of EPA to do a thorough and independent analysis of Bayer's study

* Yang W, Carrichaet 5L, Roberts EM, et al. Residential égriaufiurai Festicide Exposuras and RBisk of Neural Tube
Defects and Orofacipl Clefts Amang aﬁsmmg in the San Joaguin Valley at Ca!gmmxa Americarn Jourmdd of
Epiderminlogy. 3014, 179{6).740-748. ‘

¥ geil AP, Dariads JL, Hertz-Picciotto § Autisre spectrum disorder, flea and ek medication, and adjustments for
exposure misclassification: the CHARGE {CHildhood Autisrm Risks from Genetics and Envirgnment} case-control
study. Environ Health, 2014 lan 23130313

3 Ciming AM, Boyles AL, Perry MU, et al. 2017, £ects of Nagmwtm@;ﬁ Pasticide Expemre an Human Health:

A Systematic Review, Enwmnmwmi Health Perspectives, 125021 155-162. vt/ fdidoi org/10. 1289/EHPS15,

¥ Sep MRDCs commants in 2009 to FRA In the federal docket lwww rezulations.govi on this issue, Docurmeant 1D:
EPA-HO-OFP-2008-0772-000% andd EPA’S DER of the rodent DNT, EPA-HO-OFP-2008-0844-0115,

* spp EPA supplemental Dats Fvaluation Record, mema from Srwar Dunbar and Connor Willlams,
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—which is inexcusable, given EPA’s extensive authority under FIFRA to require data and
information — the study should not be considered gui daime

Nonetheless, EPA’s subsequent review increased the matemaé MOAEL fmm 2{} t@ 55
mg/kg/day, and noted that a LOAEL was not ohserved. This change meant that the offspring
were determined to be 2. 75X more sensitive than the adult dams. This alone should have
triggerad an FOPA factor of at least 3%,

in addition, EPA noted in the HHDRA that, “in the rat DNT study, there is evidence of an
‘apparent’ increased guantitative susceptibility” (EPA HHDRA, Section 4.4.3, page 16). This
should have justified at least the remainder of the FOPA — another 3}( which would have
resulted in a full LOX FQPA. Instead, in the HHDRA, the EPA dismissed the evidence by positing
that it considers the concern 1o be low because the effects {body weight deficits and decreased
mator activity} are well characterized and the regulatory limits are expected to be protective of
the rat pup effects seen at higher doses.

How can EPA call the effects “well charactérized™ given that the registrant failed to supply many
study details to EPA? The whole study was poorly characterized, as EPA initially characterized it.
Further, the rat DNT study is specifically designed fo identify developmental neurotoxic effects
- that is the title of the test protocol. The regulatory limits that EPA set are based on a
subchronic and chronic toxicity study in dogs that is not designed to identify subtle
neurobehavioral or neurodevelopmental effects, and dossn’t test prenatal exposures. The dmg

“study protocol doses adult dogs only, and tﬁeyefc}ra canniot gderxt:fy possible adverse impacts
from prenatal or early-life exposures. The dog fstudy Is in appropriate to characterize
developmental effects, and EPA has no basis for using its résults to dismiss evidence of
developmental harm in prenatally exposed rodents.

Developmental Toxicity Tests (Rats and Rabbits)

in addition to the DNT study, EPA {1993} reviewed two developmental toxicity studies, one in
rats {83-3a, MRID 42258338, Backer et al 1992} and one in rabbits {83-3b, MRID 422563-391,
From the rat study, EPA {1993} derived a maternal NOEL of <10 mg/kg/day and LOEL of 10
mg/kg/day based on decreased bady gain. At 100 mg/kg/day, decreased food consumption was
observed. EPA derived a developmental NOEL of 30 mg/kg/day and LOEL of 100 mg;’kg/day
based on decreased body weight and increased skeletal abnormalities {wavy rxbs} From the
rabbit study, EPA {1993} derived a NOEL of 24 mg/kg/day and LOEL of 72 mg]kgiday_f@r hoth
the maternal and offspring groups. However, the maternal NOEL was based on decreased body
weight, increased resorption, increased abortion, and death. The offspring NOEL was based on
decreased body weight and increased skeletal abnormalities. Thus the impacts on devélopment
are much more severe tharron the adult. Itis worth noting that the offspring NOEL values from
these two tests is almost identical to the offspring NGA&L derived from the rat DNT study
{discussed above] - about 20 mg/kg-day.
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Like the DNT study results, these tests also show compared with adults, the impacts of prenatal
and early-life exposures to imidacloprid causes permanent and very severe impacts on exposed
offspring - spontanecus abortion, death, and severe skeletal abnormalities, This very dramatic
phvigus difference In gualitative susceptibility between the offspring and maternal effects also
supports the need to retain the default FOPA factor. in other words, prenatal and juvenile
exposura to imidacloprid can have serious and possibly deadly effects compared with mild or
no effects on aduits. :

However, given the limitations of the studies ~ the only one that was specifically designed to
detect developmental neurotoxicity had serious limitations and lack of detailed reporting ~ the
study is likely to bias to the null, or have false negatives {fail to identify harm) at the lower
doses due to lack of sensitivity. This is because an underpowered study that fails to find an
effect at the lower dose is difficult to interpret ~ the study may not be sensitive enpugh or have
enough statistical power to detect a low-dose effect, However, if the same undefpowered
study finds an sffect - the impacts in offspring at the LOAEL - it is more likely that the effect is
real. As an analogy, if you reach into a haystack only a few times {an underpowered study or a
low dose] and don't find a needie {3 null result), you cannot conclude whether or not therg may
be needles in the haystack, whersas if you do find a needle {an underpowered study that finds
an effect), then there is at least one needle, and probably maore, i the haystack Le. the effect is
real. Thus, there is very low confidence that the reported NOAEL is adequately protective,
further supporting the use of the default FOPA factor.

Developmentol Neuratoxicity effects {Dog study)

EPA HHDRA (3017) emphasized that the dog s the most sensitive species that was tested, and
particularly highlighted the neurotoxic effects that were reported in the sub-chronic study,
including trembling and tremuors at the mid and high doses {EPA HHDRA, page 14}, Cal DPR
{2006} noted that “unlike the mild effects seen in the chronic study, sub-chronic treatment for 4
ar 13 weeks with similar doses {24-64 mg/ke/day) imidacloprid produced a marked toxicity in
dogs, including mortality, severe tremors, morphological changes in liver and thyroid and
weight loss™ {Cal DPR p. 39-40). EPA {2017} suggests that the reason that these effects were not
reported in the chronic study were differences in measurement times, which were much more
frequent in the sub-chronic study. EPA notes that neurotoxicity was also reported in the rate
acute and DNT studies, and in the scute neurptoxicity study, indicating strong toncordance
across species {(EPA HHDRA, p. 14}, :

The dog study should be considered as supportive of the findings of developmental toxicity in
offspring from the rodent and rabbit studies. However, as noted above, the dog NOAEL is not
refevant to FOPA considerations, since it is an adult only study, and therefore cannot identify -
possible adverse impacts from prenatal or sarly-life exposures.

EPA lgnores Affirmative Biologically Relevant Evidence of Adverse Endocrine Effects

10
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NRDC raised many of these same concarns of EPA disregarding evidence of endeocrine effects, in
our comments to EPA on its preliminary aguatic risk assessment for imidacioprid (July 201714

Iy & rat teratology study {83-3a, MRID 422563-38, Becker et al 1992}, imidacioprid [94.2% a.i)
was administered daily by gavage to mated female Wistar rats from gestation days {GD} &
through 15 {Becker et al,, 1892). Each dose group consisted of 25 rats, The respective doses
were 0, 10, 30 and 100 mg/kg/day. On gestational day 21 {GD 21) the fetuses were delivered by
a cesarean section and examined for developmental abnormalities, Interestingly, CA DPR noted
that “exposure of dams to 100 mg/kg/day imidacioprid resulted in a disproportionally high
number of male fetuses {59%}. This effect was statistically significant{p £ 0.05] relative 1o
contral animals, which had approxdimately 1:1 ratio between males and females. Furthermore,
the sex ratio in the 100 mg/kg/day group was outside the historical range {range 45-51.9% male
fetuses out of 2194 fetuses; mean 49.5£1.5%). The historical database was compiled by the
authaors from 8 developmental toxicity studies to represen the same period of study {1986-
19887 (CA DPR p. 46} CA DPR concluded that;, "Presently, it is unclear why the dams at the
high-dose group had more male fetuses, sincethere was no post-implantation loss, eg.
selective loss of famale fetuses, to account for the higher number of the male fetuses. it was-
speculated that imidacloprid may possess androgenic properties, causing virtlization of female
fetuses, which could explain the profound phenotypic gender change” [CA DPR p. 461 This
study provides some evidence that imidacloprid is an endocrine disrupting chemical.

in the imidacloprid Endocrine Disruptor Screening Program {EDSP), EPA identified many adverse
developmentally-related endocrine effects:
e Effects on avian repraduction (i.e., decreases in eggshell thickness and/or egg
production/ hatchability) were observed in the Part 158 wildlife studies; N
= |midacloprid caused trestment-related effects on fertilization and embryonic \
development, mainly at zygot& formatmn and first cleavage of the aygote (Gu et al.
{2013}
~ = nvthe male pubertal assay, 3 15% decrease in the weight of the dorsolateral prostate
was ohiserved at the low dose, and at the high dose, treatment related effects inchided
decrgases it accessory sex organs/tissuss, pituitary wei ght and a deiay {3.4 days}in
preputial separation; :
= In the amphibian metamorphosis assay {AM»&} while delays in developmental stage and
decreases in growth were observed.
Despite these many developmentally-related endocrine effects, EPA concluded that, “Based on
weight of evidence considerations, mammalian or wildlife EDSP Tier 2 testing is not
recommended for imidacloprid since there was no convinging evidence of potential interaction
with the estrogen, andmgen orthyroid ;}athways" * However, this ignores the affirmative

¥ sen NRDUC cormments on EPA Prafiminary Agqustic Risk Assessment, July 2017, EPA-HO-OPE-Z008-0R44-1 146
Avatlable at https:/fwww regulations.gov/document ?D=EPA-HO-OPP- 200808441219

“EDEP Weight of Evidence Conclusions on the Tier 1 Screening Assays for the Uist 1 Chammicals, June 29, 2015,
Available online at ﬁtﬁps;_@’;’www,f,a;:s&gw,f' asndocrine-disruption/endooine-disruptor-scresning-program-tier-1-
seraening-determinations-ard
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evidence of biologically refevant endocrine effects. It also ignores that these endpoints were
incorporated into EDSP-1 because they were fit for the purpose of identifying specific endocrine
hazards. Moreover, the EDSP-1 was never intended to characterize that hazard {dose-
response) or characterize risk, Finally, it also ignores the inherent limitations in the testing
methods such as failure to provide complete biclogical coverage of all relevant pathways, so
that the tests have the potential to miss chemicals that could adversely impact large sensitive
fife stages (efg,\, developing fetuses, infants, and children}. As such, the endpoints listed above
are identifying the hazard that EPA had intended in the design of the assays. Simply put, EPA
should not dismiss the hazards identified by these data,

Developmental effects, inciudiag effects on endocrine systems, support the use of the default
FOPA factor. ' '

2 EF’A does not characterize or protect for developmental neurgtoxicity;

Consistent and supportive of FOPA requirements to provide special consideration and
protection to early life stage vulnerabilities, the National Academies of Science issued its
seminal report, Science and Decisions {2009} with the observation that “small chemical
exposures in the presence of existing disease processes and other endogenous and exogenous
exposures can have linear dose response relationships at low doses.” Science ard Decisions, p.
158. in other words, there may be no safe threshold in the human population for many
chemicals. Newer science shows many examples of chemicals thatincrease the risk of various
non-cancer health effects—such as reproductive harm and neurological effects—at low doses,
without any scientifically-identifiable threshold (Grandjean and Landrigan 2006; Grandjean et al
2008). Even if a threshold is established in an individual, when risk is assessed across a diverse
population, there is a diminishing likelihood that the same threshold exists because some
people are more vulnerable than others, :

The Science and Decisions report recommended that agencies use the same approach for
addressing risks from both cancer and non-cancer health effects {such as developmental or
reproductive effects), The committee also concluded that, “scientific and risk management
corsiderations both support unification of cancer and non-cancer dose response assessment
approaches.” {Science and Decisions, p. 8). The agency called for 3 "unified-dose response
framework” that includes a systematic evaluation of factors such as background exposures,
disease processes, and inherent vulnerahilities. This evaluation will inform the choice of the
appropriate dose-response model, The Science and Decisions report also pointed put that the
population differs due to age, disease status, nutrition, and other factors. Because of these
differences, and the fact that people are exposed to multiple chemicals, sclence supports using
a model that does not have an assumption of a threshold {a study NOAEL or regulatory
Reference Dose} below which exposures cause zerp risk in the population. The Science and
Decisions report recommended that a conceptual mode! be developed that is, “from linear
conceptual models unless data are sufficient to reject low-dase finearity; and nonlinear
conceptual models otherwise” {Stience and Decisions, p. 144).
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The National Academies report recommended that regulators assume that all exposures, even
low level, are associated with some level of risk, unless there is sufficient data to the contrary,
after accounting for background cherhical exposures, biological make-up, and population
variability. : - o

Because of the severe and lasting harm from lead, mercury, arganophcgphate pestmdes and
other developmeantal neurotoxic agents that are widely used in commerce, 2 coalition of expert
researchers and medical health associations came together to from Project TENDR: ?arggtmg
Environmental Neuro-Development Risks ¥ The coalition issued & consensus statement
supported by the following professional associations: The American College of Obstetricians
and Gynecologists (ACOG); Child Neurology Society; Endocrine Society; International ;
Neurotoxicology Association; Imternational Sodiety for Children’s Health and the Env%mhméht"
International Society for Environmental Epidemiology; National Council of Asian Pacific lslander
Physicians; National Hispanic Medical Association; National Medical Association. fipemffc o
iridacloprid, these experts also warnad that, “When the federal government banned some
uses of OF pesticides, manufacturers responded by expanding the use of neonicotinoid and

pyrethroid pesticides. Evidence is-emerging that these widely used classes of pestn:edes ;mscz a
threat to the developing brain (Kara et 3l 2015} 7% The TENDR cansensus staternent
recommended that, “Evidence of neurodevelopmental t@x:cgm of any type— e;z;dem;o ogi z:ai or
toxicological or mechanistic—by itself should mmstzmta asi ignal suffef:zant to trsgger B
prioritization and some level of action.”®

It is a reasanable scientific presumption that imidacloprid < which has endocrine disruption
activity and is a developmental neurctoxicant — should warrant the use of the full 10X FQPA
factor where repsoductw& ag&d women and chridren may be axpmed

4. All pet ﬂal%mges pose ari unacceptable risk to chitdran_; they should be cancelled
immediately, Further, EPA’s methods are likely a significant underestimate of risk

EFA acknowledges that exposure to-children 1-2 years 0ld, the most win_érable age group,
exceed EPN's Level of Concern from the pet collar uses aiane_{ﬁee HHDRA Table 6.2.2, page 31}

= nttpo/fprojectiendr.com '

B yara W, Yumrutas O, Damir CF Ordemir HH, Bozgeyik 1, Coshun 5, et al. ?{315 insecticide imidaciopr d influences
cognitive functions and a tma %egmmg performance and reiatezd g,ene ﬁxpr&ssmn i & rat model It Eap Pathol
9B{51332-337

* Bennett R, Bellinger DC, Birnbatm LS, Bradman A, Chen A, Cory-Slechta DA, Engel S84, Faliin MD, Haiiadavi‘«
Hauser B, Hentz-Picgiotio |, Kwiasthowskl €F, Lanphear BP Marquesz B, Marty M, MePardand |, Newschaffer G,
Payne-Sturges I, P;a_tmaui MB, Parera FP, Ritz B, Bass , Schanty 8L, Webster TF, Whyatt BM, Woodsuff TJ, Zoeller RT,
Anderke L, Campbell €, Conry JA, Debicola N, Gould RM, Hirtz B, Hullling &, Lanedrigan PI, Lavin &, Miller 8,
Rlitchedl B4, Rubin b, Schettier T, Tran HL, Aoosta A, Brody £, Miller £, Miller P, Swansen M, Witherspoon N
American Collage of Obstetricians sad i Gynecalagists (ACOGYH Thild Meamisg\; Sscsety, Endocrine Sotiety;
international Neurctoxicology Association: International Souisty for Childben's Health and the Environment;
Invernational Society for Environmenta! Epidemiology; Nabtional Council of Asian Pavific Islander Physicians;
Hational Hispanic Medical Association; Natfonal Medical Association. Projest TENDR: Targeting Environmental
Newrn-Developmenta Risks The TENDR Consensus Statement. Environ Health Pers pect. 2016 Jul 1124{71A118-22.
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This is the case for all pet collar scenarios, both cats and dogs of all sizes, for both the

© presumption of a pet collar exposure of 50%liquid/S0%dust ratio, and 1%liquid/99%dust ratio.
Some exposures are excassive from dermal routes of exposure alone {small cats), and all
scenarios are excessive from oral routes of exposure. In summary, all pet collar yses “fail on
their own” (HHDRA, p. 32), even before additional residential exposures are aggregated
{including distary and non-distary home sxposures). Given these excessive risks 1o children,
EPA should cancel all pet collar uses of imidadcloprid immediately - safer affordable and
effective alternatives already exist.

EPA calculates exposures, and then compares them to the total target Margin of Exposure,
MOE. Risk estimates exceed the Level of Concern {LOC) when they are below the target MOE,
which EPA determined to be 100 {the product of a 10X interspecies and 10X intraspecies
factor). In the HHDRA, the total MOE's for pet collar scenarios for children 1-2 years old range
from 18 to 96, where the lower values carry thehighéﬁt risk, and all values below the target
MOE of 100 exceed EPA’s LOC. For example, the MOE of 18 {collars on small cats, assuming

1%liquid/99%dust ratio} are 5.5-fold lower, and therefore exceed the LOC. Had EPA used an
additional 10X FQPA - as the law requires and ?:hsasa commaents argue for ~ then the target MOE
would have been 1000, In thss case, the MOE of 18 would have been excessive by 55-fold

Not only has EPA determined that all pet collar uses pose excessive and unacceptably high risks
to children, but EPA's m@thadg are likely to underestimate risk in several important ways,
detatled below: '

ERA underestimates time with pet

Relying in its existing methods, EPA fails to protect children who spend more than 1 hour per
day in contact with their pet from harmful exposures to imidacloprid products. For its standard
protocols, EPA has utilized data from a single study, with only nine children, as the basis for its
Exposure Time {ET) variable derivation such that the risk assessment assumes that toddlers
spend only ane hour per day playing with their pets. Because EPA chose to use the median of
this extremely imited study, half of the children spent more than one hour per day playing with
their pets and are therefore not protectad by EPA’s standard. Importantly, at least two of the
nine children in the study spent maore than an hour and a3 half with their pets each day, and at
least one spent over two hours. EPA does not provide svidence from studies of children’s
interactions with their pets to support the claim that the assumptions in the 2102 Residential
SOP —that one hour of exposure {o the treated pet during which a child touches the pet 4 times
and engages is hand-to-mouth activity- reflects a reasonable high-end estimate of time spent in
contact with 3 pet treated with imidacloprid pet products.®® Published studies have reported
that found that, on average, children put objects in thelr mouth while playing 15 times per hour

* EPA 2015, Tetrachlorvinphos (TCVP): Responses to Arguments Presented in the Natural Besourcss Defense
Cowngil tne’s {NRDCH August 5, 2015 Opening Brief in MRDC v EPA, Case No. 18-7005 5% Cir.ip8
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{and, at the high end, 56 times per hour].” In summary, EPA’s repeated insistence that its SOP
captures “vigorous” contact with a pet and that a child wsutd nat be expected to have this type
of contact with a pet for more than 1 hour per day | is not suppormd by any evidence. To
account for the limited nature of the dataset, EPA should use the upper portion of the
distribution (95-99% percentile) and assume that children spend at least two hours with their
pets per day. Indeed, in other risk assessments, EPA has assumed that children spend two
hours per day playing w;th their pets.’®

EPA disregards cdditional indirect routes of exposure

EPA failed to evaluate indirert exposure routes, such as contact with a swface contaminated by
pesticide residue or mouthing of objects which contain pesticide residue. There is evidence in
the published literature that pet pesticides can contaminate surfaces that children can come
into contact with and that children’s object-to-mouth activity can result in incressed exposures
to chemicals.*® Other surfaces which could reasonably be expected to have imidacloprid
residues include clothing, furniture, rugs, pet bedding, and any other place in the home that
comes into contact with the fur of the pet and that a child might touch with their hand.or put in
their mouth. In a study conducted to evaluate exposures to pesticide-impregnated flea collars,
pesticide levels were measured in t-shirts worn by children who had treated pets in their
house™ The researchers noted that two t-shirts worn were found to have significantly higher
levels of pesticide residue. The authors concluded that these higher levels were the result of
increases in the amount of time those children spent in direct contact with their pet dogs on
those days. This finding s additional evidence that EPA’s SOPs are likely an unﬁaregtsmate of
actual exposures and therefore risks to children.

Because it is reasonable to assume that a child could encounter imidacloprid residuss by both
direct and indirect methods in a single day, the total dose experienced by the child is the sum of
all the exposure pathways. EPA provides no documentation that a child's cumulative exposure
to surfaces contaminated with residues resulting from contact with a treated dog or cat {i.e. the
bed where the dog sleeps and/or the chair where the grooms themselves} would be so low as
to not contribute to the cumulative daily exposure,

EPA’s Risk Estimuotes fa:r iiquid Formulations Uﬂdefesrfmafe Expaswé

¥ Ko 5, Schaefer PR, Vicarie OM, Binns Hi; Safer Yards Project. Relationships of mdm assessments of touch ing an(i
mauthing behaviors during outdonr play v urban residential vards 1o parentat parwmsﬁn& 0‘ child behaviors and
biood lead levels. 1 Expa Soi Environ Epidemiol, 2007 Jan THL1AY-52,

# ‘fr:se EPA Reregistration Eligibility Dacision for Oichiorvos {DOVP] 187 {luly 31, 2008},

* Davig, 0, Keith, ot al, “Assessing Intermittent pesticide exposure from fles control collars consaining the
arganaphosphorys insecticids tetrachiorvinphos” fournal of Exposure Science and Environmental Egidemiology -
FLIONEL S
1 Pavis, B Keith, ot al. “Assessing intermittent pesticide exposure from Tlea control colfars containing the
arganophasphorus insecticide tetrachlorvinphas.™ Journad of Exposure Scignee and Environmental Epideriology 1-
7 {2008): 8
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We are pleasad that EPA has updated its mathodology for assessing pet collar uses, to consider
either liguid or solid {dust) formulations, and assuming various liquid/dust ratios (HHRA p. 5,
Section 6.2} This is important because EPA's assumption in its 2012 Residential Standard
Operating Procedures (30Ps) that flea collars “are designed to release the artive ingredient in
liguid form” B not substantiated by the svidence and should not be relied upon to avaluate risk.
Ta the contrary, in the evaluation of tetrachiorvinphas [TCVP) impragnated collars, ofl the
docurnents in the docket for the registration review describe the collar formulation supports
the characterization as a solid formulation. EPA summarizes this evidence in the TCVP
docurment containing responses (o the arguments raised in the NRDU's opening brief. In this
docurmant, EPA confirmed that more than half of the total pet collar products include text on
the label describing the release of a powder from the collar, EPA then conciudes that “some
collars may act by extrusion of the active ingredient from the collar matrix as fine dust.™ in
contrast, EPA’s only justification for the characterization of the coliars as liguid formulstions is 3
reference o the 2012 SOP and the explanation that this position was based upon “ressarch
conducted at the time of the SOF development.” No citation or evidence Is if any of the collars,
wr*emh{* va;iab e on the mar km fuwtmn in sm*g manner that resembles a Hopid.

Ther&zfar@ ERA's updated am}mach o eval luate the risk to children f om these products must
be based on the reai;s;tsc assumptmn that exposures are predominantly from pesticide dust

RISKS ARE EXCESSIVE USING DEFAULT 10X FOPA

As deseribed above, an FOPA factor of al least 10¥ is warranted, and if this were doneg, acute
distary {food and drinking water) exposures {reported as the acute and chronic Population
Adjusted Dose, aPAD and cPAD) would excesd the Level of Concerr {LOC) for all populations,
including the most vulnerable—infants, children 1-2 years old, and womaen of reproductive age
{WORAL Chronde dietary exposures would excesd the LOC for children 1-2 years old,

{See Table below, sdapted from EPA HHDRA, Table 5.4.4,, page 3. All values that exceed the
LOC are in bold),

% of aPAD, | % of aPAD IF | % of cPAD, | % of cPADIf
using 1% EPA applies | using 1X EPA apphiss
FLIPA IOX FOPA L FOPA 10X FOPA
General US population | 38 380 55 56
Al infants {under Jyrd 1 B4 ‘ 840 . 9.8 a8

Children 1-2yrs . 93 930 Sz 120
Children 3-5yrs 73 730 2.8 98
{hildren 6-12 yrs 45 ; 450 5.6 55
Youuth 13-19 vrs 27 ; 270 4.0 40

LEpa Zfﬁ’i% Tetrachiprvinghos (TCVP) Responses to Argumnents Prasented in the Matural Resaurces Defense
Councit ing's INRDC) August 5, 2005 Opening Brief in MBDC v ER4, Case Mo, 15-7005 (9% {ird p 8
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Adults 20-49 yrs 29 290 5.2 52

Adults 50-99 yrs. | 29 290 5.4 54

WORA: fernales 13-49 29 280 51 51
yrs

There are many well-recognized factors that can lead to a significant increased exposure to
pesticides in young children compared with adults, making children more vulnerable to the
harmful effects of pesticides:

s Young children spend more time crawling on the floor where pesticide dusts can settie,
picking up residues on their hands and clothing, and then thumb-sucking or putting their
hands in their mouths during eating, sleeping, and playing. This leads to transfer of
pesticide residues from the home to the child {Hyland and Laribi, 2017; NRC 1993}

»  Young children have less varied diets compared to adults, and frequently have more
foods with higher levels of pesticide residues, such as fruits, fruit juices {Cohen Hubal et
al., 2000; Freeman et al,, 2005, 2001; Lu etal, 2006},

s Children also eat, breathe, and drink more on a per @tzlagram basis than adu ts;
estimates have shown that caloric consumption is about two and a half times greater for
infants than adults, when normalized for body weight (NRC, 1993).

# In addition to higher exposure levels and higher absorption rates, children also have less
ability to metabalize and eliminate many chemicals (Roberts and Karr, 2012). For
aexample, extensive research has shown that children below the age of seven have
significantly lower levels of paracxonase 1 [PONL}, an enzyme that detoxifies some
pesticides in humans; lowered expression of PONT, from infant exposure to
neonicotinoids, has been linked to the development of Autism in North Amaerican
children {D'Amelio et al., 2005}, '

For the shove reasons, Congress directs EPA under the FQPA to add a 10X safety factor to
adjust for added risks from exposures to pregnant women and young children. However, in its
imidacloprid assessment, EPA removed it in full, selecting 3 1X for all acute and chronic risk
assessments. EPA should restore the 10x factor for all populations, especially for children and
women of reproductive age.

Even without use of the legally-mandated default 10X FQPA, all pet collar uses pose an
unacceptable risk to children, For this reason, EPA proposed to exclude them from the
aggregate assessment (HHDRA, p. 33-34), EPA should cancel all pet collar uses effective
immediately, because EPA has determined that their risks to children are excessive.

EPA VIOLATES CANCER GUIDELINES — FAILS TO ADDRESS CANCER RISKS
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Properly conducted chemical carcinogenesis bioassays in ardmals have long been recognized
and accepted as valid predictors of potential cancer hazards to people.™ The relevance of
experimental bicassays to humans rests on four well-accepted observations:
«  Experimental animals and humans are mammals sharing many basic genetic,
pharmacologic, toxicolpgic, and carcinogenic responses;
e Findings from independently conducted bioassays on the same chemicals are
consistent;
» Al known human carcinogens that have been tested adeguately are also carcinogenic in
animals and, almost without exception, share identical target sites; and
e Nearly one-third of human carcinogens were first discovaered to induce cancer in animals
{e.g., 1,3-butadiene, diethylstilbestrol, dioxins, ethylene oxide, 2-naphthylamine,
formaldehyde, viny! chioride), although most of these were not regulated by EPA until
human evidence mounted.”

Despite animal toxicology evidence to the contrary, EPA HHDRA {2017) confirmed its previous
classification of imidacioprid as a "Group E” carcinogen {evidence of non-carcinogenicity in
humans”™) by a HED RfD/Peer Review Committee (EPA 1993; EPA HHDRA 2017, p. 18). However,
this predates the EPA Cancer Guidelines {2005}, and should be re-done in a transparent and
publicly-accessible manner, '

For the reasons detailed in this section, according to EPA's own Cancer Guidelines imidadioprid
should be classified as posing a cancer risk to humans based on the evidence from liver tumors
in the male rats, including statistically significant adenoma/fcarcinomas and statistically
significant rare cholangiocellular carcinpmas, which is a very aggressive and often deadly cancer
in humans.

According to the EPA Cancer Guidelines, characterizing a chemical as not carcinogenic is a high
bar, and requires robust data, consideration of all routes of exposure, a full range of doses, and
all mechanisms of action relevant to humans. For imidacloprid, £PA did not have any evidence
at all for non-carcinogenicity, and in fact wrongly dismissed affirmative evidence of
carcinogenicity from robust guideline studies.

3 Haseman J, Melnick B, Tomatis L, Huft 1 Carcinogenasis bloassays: study duration and biclogical relevance, Food
Chem Toxicol 2001,3%.739-744.

Huft L Value, walidity, and historical development of carcinoginesis studies for predicting and confirming
carcinogents risks 1o humans, Ire Ritchin 8T, editor, Carcinogonicity Testing, Predicting, and intarpreting Chemicsl
Effects. Mew York: Marced Dekier; 1598, pp. 21123, .

Huff 1, facobson MF, Davis DL The Limits of Two-Year Bloassay Exposure Regimens for identifying Chemical
Carcinogans. Environmental Health Perspectives. 20081 16{111:1439-1442.

Maltoni C. The contribution of experimentat {animall studies to the contrad of industrial carcineganesis. Appl
Cocun Environ Hyg, 1905, 10:749-760.

Toreatls L. entification of carcinogenic agents and primary prevention of cancer. Ann NY Acad Sci. 200810761~
14
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The following subsections detaill areas where EPA sgnmad slevated cancer risks, deviating from
ts own cancer gul de:lmem v .

Chronic/Oncogenic Orol Studies - Rat

EBA (1993) had two chronic feeding/ancogenicity studiss in rats {83-1, 83-2; MRID 422563-31,
422563-32). imidacloprid {94.3% active ingredient} was administered to Wistar rats
{50/sex/groun) in the diet at concentrations of 0, 100, 300, and 900 ppm {0,5.7,17, 0or 31
mafkgfdayin malesand 0, 7.6, 25, 0r 73 rr*gf&g,fday in females) {Eshm arsd Kaliner, 1891, {3l
EPA 20061 Interim examinations wers conducted on an additional 1{3 ratsfsex;dasm after 1
year after treatment, A supplemental study to determine the maximum tolerated dose (MTD)
was conducted an 50 rats/sex/dose that were either used as controls or administered
imidacloprid at a concentration of 1,800 ppm {103 mg/kg/day in males and 144 mg/kg/day in
females) for two years. The two studies wers reviswed togethser by EPA, and data from the
control animals were pooled together from both otudzes Resuits are summar] ized in the Table

helow: {u}pieiﬁ from Cal DER-20061.%

Tuowe Tuotdenoss from Jovesy Digtn

Incidence of Mengplanthe Leddom

24 wonthy

. _ Slaley R ' Frupdes
Lroe fppay & ik Rt ' ki BMER ] (%
’ % T3 fd

B 57 i

éx‘e}g»"i&g.‘i‘ina ]

The cholangiocellular tumors — being very rare, and being outside the historical control range -
shiould have been considered evidence of carcinogenicity. EPA Cancer Guidelines stipulate that
for rare tumors a lower standard of statistical significance should be applied [EPA 2005 Section
2.2.2.1.3)°° The NIEHS National Toxicology Program also considers rare tumors even if their
incidences do not reach significance, particularly if they are outside the historical range as was
the case in this imidadloprid study. The Organisation for Economic Cooperation and

53 {al DR 008, Elben and Kaliner, 1991 and reported in California ﬁw;mnmﬁnmi 9«*(}%3:: o Agenoy Departoent
of Pesticide Regulation {Cal DPR). 2008 ?‘:;i« Charscterization Dacurmant for imidacioprid, Available at:

Ry Swwew cdpr.caagoaddocyriskiredfimidacioprid . pdf :

¥ Ll DPR 2006, Table § in Rigl Cmarsctemzatwn Document for Imidacloprid, Svallable a1

h*’tg {lwrnrw odpr sa.gov/doos/riskf red/Imidacioprid pdf v .

¥ ntpss/ A epa povssites/production/fles /2013-0%/dacumentzsfoancer_guidelinesfinal 3-25-0% pdf
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Development {OECD) rules are the same, “3 non-significant increase for a rare Wwmour may be
considered.a true negative if it falls within the historical control range™™ which was not the
case here, and therefore the tumors should bave been seen as evidence of cancer. Moreover,
from a clinical and human risk standpoint, cholangiocellular carcinoma is 3 very aggressive type
of cancer {intrahepatic and extrahepatic lver tumor) that has no efficient screening markers so
is often diagnosed in patients when it is too late 1o deliver life-saving treatment {the five-year
survival rate is only 17-18%1.57 8 Approximately & thousand new cases of this deadly cancer are
diagnosed annually in the U.S. {approximately 2-3% of new cancer cases each year). This should
have heen seen as evidence of cancer,

The hepatic adenomas and carcinomas should have been considered as evidence of cancer risk.
Liver tumars were reported in the male rats; these included 1/100 carcinoma in the control
animals, 1/50 carcinoma at the fowest dose, 1/50 carcinoma in the mid-low dose, none in the
mid-high dose, and 2/50 in the high dose group. This means that each of the treatment groups
{exwpt the mid-high dose) has & 2-fold higher incidence of carcinomas as the control group,
and 4-fold higher in the high dose group if adenomas and carcinomas are combined. The
standard practice is to combine liver adenomas and carcinomas® because in people adenomas
can proceed to malignant carcinomas; medical standard practice is to treat them similarly, by
surgical removal, Hepatocellular carcinoma is currently the sixth most common type of cancer
globaily, with a high mortality rate and an increasing incidence worldwide 5

The tiver adenomas and carcinomas should not have been dismissed with the excuse that the
incidence was within the historical range for the tumors. Using historical controls to dismiss
tumors is a violation of the EPA Cancer Guidelines. Historical controls are generally the
historical collection of tumor responses from untreated controf groups from studies in the same
laboratory within two to three years of the study being evaluated ~ the study provides no
details about whether the historical control data is appropriate {from the same lab within a few
years). The EPA Cancer Guidelines are clear that, "the standard for determining statistical
significance of tumor incidence comes from a comparison of tumors in dosed animals with
those in concurrent control anirmals” (EPA 2005 Section 2.2.2.1.31.% The Guidelines specifically
state that, “statistically significant increases in tumors should not be discounted simply because
incidence rates in the treated groups are within the range of historical controls or because
incidence rates in the concurrent controls are somewhat lower than average.” {EPA 2005
Section 2.2.2,1.3}.% The internationally accepted DECD Guidelines also warn against using

SEOECH 2010, Draft Guidsnoe Document 118 ~ Section 4. Page 37,
https:/ fwww.oecd.org/chemicstsafety/testing /45335229 . pdf
3 yoeel A, Saborowssii A, Cholanglocelislar Carvinoma. Digestion. 30179531 181185,
hitps:/ feww.nebi nimonih.gov/pubmed /78288478
* https:/seer.cancer.govistatfacts/Rimifivibd. hitml ;
 pacConnell B8, Solloveld HA, Swanberg J4, Boorman GA. Guidelines fcxr combining neoplasms for evaluation of
rodent carcinogenesis studies. | Natl Cancer Inst, 1986 Feb 78{2}:283-9.
 Sehlageter M, Terracciann LM, D'Angelo S, Sorrenting P, Histopathology of hepamceﬂasiar carcinoma. World
Journgt of Gastroenterology - WG, 2014;20{83 115955155848,
5 mtps ffawwapa.govi sites/production/fles/2013-08/ dosuments/eancer guidelines_Final_3-25-05.pdf
¥ hitpsi/ fwww. epa. gov/sites/production/files/2013-08/documents/cancer_guidelines final_3-25-05.pef
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historical control data because it can be very misleading and mischaracterizing positive
evidence of cancer asnegative or no evidence {as in this'case). QECD Guidelines stipulate that
the use of historical control data may only be appropriate if there is evidence that the data
from concurrent cornitrols are “substantially out of line with recent data from control animals
from the test facility colony” ~ there is no documentation of such a g}rahiem with the
concurrent control data in this study (OECD 2010, Section 5.4.4).%

EPA (1993) dismissed cancer evidence at high doses, citing a potential for general toxicity in the
highest dose group. Toxicity would present itself as either an increase in mortality in this group
and/or a significant reduction in body weight without a significant réfluction in food ‘
consumption. 1t is not dlear if this was the case — no data was presented to support this claim.
Maoreaver, the liver tumors in male rats were alSo observed at lower doses, making it
biotogically plausible that the ones 4t the highest dose are also treatment related.

The studies for imidacloprid are likely to underestimiate buman cancer risks because they were
anly Z-years long, which is equivalent to a person of about 70 years old; this fails to adiﬁmss the
fact that most cancers in humans do rot occur until after this age. Since about B0% of all human
cancers ocour in people over the age of &0, even a conventional 2-year bicassay does not have
sufficient latency period to detect tumor that-will oceur later in 1ife. % Cadmium is an example of
a chernical that was not shown to'be carcinogenic in 2-year studies of Wistar rats® but caused
various tumors in the lung ina 3l-maonth study of Wistar rats. % Toluene is another example,
Soffritti et al. {2004) orally treated Sprague-Dawley rats with toluene for 2 years and observed
thent for an additional & months. At the end of this observation period, significant increases
occurred in several tumors, including total malignant tumors; tumaors of subcutaneous tissue,
mammary glands, and oral cavity, lips, and tongue; and lymphomas/leukemias.¥ In contrast,
the National Taxicology Program’s (NTP) 2-year inhalation bicassays in Fischer rats and B&C3F
mice did not detect any chemically related tumors.® Thus, the 26 extra weeks of observation
withaut additional exposure in the Sprague-Dawley study of Soffritti et al {2004} allowed time
for tumors to develop, progress, and become detectable ™ NIEHS Scientist and former Chief of
the IARC Monograph Programmie, Dr. James Huff and co-authors concludes that ceasing
exposure at 2 years without monitoring tumor development for additional time cannot
estimate the impact of food additives, drugs, and other chemicals on humans who dig in their

B trg/ foewwe oecd.org/chemicalsafety ftesting 44560015, pdf

# Huff 1, facobson ME, Davis DL, The Limits of Two-Year Bloassay Exposure Regimens fur identifying Chemical
Csrrmagena Ermironmaental Health Perspactives. 2008;118{1151839-1442

& Lasar B, A 2 veur oral carsinogenicity study with cadmium on rats: Cancer Lett. 1980:9:191~198

% Takenska 5, Oldiges H, Konig ¥, Hochwaingr 0, Oberdorster 6. wrcmagamm’ﬁ; af cadeium rhiarzdc asrosolsin W
rats. § Matl Cancer Inst 1983, 70367373

5 Soffrieti M, Belpoggl B, Padovani M, Lauricls M, Degli Fapost [, Minardi F. Life-time wmnegmmty mﬁasﬁavs of
tofuens given by stomach tube to Sprague-Dawiey rats, Eur | Ononl, 2004,9:971-102,

W Huff £, Absence of carcinogenic activity in Fischer rats and B8UIFL mice following 103 -week inhalation exposures
o toluens. fnt } Gocup Environ Heglth, 20039138148 ' ‘
¥ Soffritti M, Belpogg! F, Padovani M, Lauriola M, Degh Esgosti ©, Minardi F. Life-tifne carcindgenicity bivassays of
toluene given by stomach tube to Spragus-Dawley rats, Bur § Onool 2004,3:91~102. '
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70s or later.’® That is why scientists at the National Institutes of Environmental Health Sciences
{NIEHS) reject the notion that.an 18-month rodent bivassay {about 30-50 years in human agel is
fong enough to reliably predict cancer risks.”* Instead many scientists recammend extending
the rodent bioassay to 30 months, and including pre-natal exposures.’™

EPA should re-do its cancer assessment for imidadioprid, and identify its cancer risks'consistent
with the available evidence, including statistically significant adenoma/carcinomas and
statist{céﬁy significant rare cholangiogeliular carcinomas, which is 3 very aggressive and often
deadly cancer in humans, - .

Chronic/Oncogenic Orol Studizs — Mice

EPA {1993} had two chronic oncogenicity oral feeding studies in mice (83-2; MRID 422563-35,
A23563-36). The mice studies are 50 poorly conducted that they should be deemed as
impossible to interpret, and not-as evidence for lack of carcinogenicity.

imidacloprid {85.3% a.1} was administered to B6C3F1 mice {50/sex/dose) for a period of 24
months, The dietary levels were 0, 100, 330 or 1000 ppm {Watta-Gebert, 1891} and O and 2000
ppm {Watta-Gebert, 1991a), Ten more mice/sex/dose were used for interim sxaminations after
12 months of treatment. The two studies had similar protocels and, thevefore, were evaluated
together, The reported average dally doses were 0, 20, 66, 208 or 414 mg/kg/day fcsr males and
0, 30, 104, 274 and 424 mg/kg/day for females.

Cal DPR? reported that the food intake represented about 22-28% of the body weight of an
adult mouse — which is a gigantic range, and at the upper end is an inconceivably high amount

F Huff I, facobson MF, Davis DL The Limits of Two-Year Bivassay Exposurs Regimaens for identifying Chermical
Carcinpgens. Envirgnmantal Health Perspectives. 2008, 116{11):1439-1442

“ gucher R, The National Toxicology Program rodent bicassay: designs, interpretati ons, and sciantific
contributions. Ann NY Acad 501.2002,982:188-207.

Haseman J, Melnick R, Tomatis L, Mulf L Carcinogenesis bioassays: study duration and blologics! relevance. Fooad
Chem Toxcol, 2001:39:738-744.

Kodel! RE, Ui KK, Thorn 8T, Chen 4. Bioassays of shortaned duration for drugs: statisticad zmpilﬁamns Toxicol S,
200055415432,

2 Haseman §, Medrick B, Tomatis 1, Hef L Cardinogsnesis bioassays: stud»; duration and biclogical relevance. Food
Cham Toxicnl, 200139738744,

Huff 1. Chemicals studied and evaluated iy long-terr carcinogenssis bloassays t}v hoth the Bamazsind Foundation
and the Mational Toxioology Program: in tribute to Cesars Maltoni and David Ra Arnn WY Acad S0l 2002882208~
230, :

Huff 1, Lunn BM, Waatkes MP, Tomastis L, infante BF. Cadmium-induced canvers m animals snd in humans. int
Qeeup Environ Health, 2007,13:362-212 : E

dattont G The conteibution of experimental (andoal} studips to the conteo! of industrial cardnogenesis. Appl
Oczup Environ Hyg. 199510749760,

Soffrivtl M, Belpoggi F. Mingrdi F, Maltond C. Ramazzind Foundation cancer program: history and major projects,
He-span carcinogenicity bloassay degign, chemicals studied, and results! Ann NY Acad Sci, "‘002,&32 2H~45,

ol DPR Z006, Bisk Characterization Docwment for imidaciopridd. Available at:

hittp /fweww.sdpr ca.povidocs/risk/rodfimidacioprid.pd!
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of food. Cal DPR proposes that, “these high levels of food consumption {and imidacioprid
intake) may be due to not accounting for food spillage in the calculations for the consumed
food.” {Cal DPR, page 39). This essentially means that the dosé per animal is unknown or at best
can only be roughly guesstimated. A marked increase in mortality was reported for the males in
the 2000 ppm group that died intercurrently {34 % vs. 12% control, p=0.002}, which Cal DPR
stated was, "due to the large number of males, which died during manipuiations such as blood
withdrawals, tattooing or as a result of being caught in the automatic feeder. The later was
attributed by the authors to the general debilitation and major reduction in body waights
caused by imidacloprid” {Cal DPR, page 38). 7 These deaths caste serious doubt on notonly the
scientific claims of the study, but on the ethical conduct as well - and for good reasons,

EPA {18993] considered the mouse studies to be evidence of lack of carcinogenicity, with a
NOAEL of 1000 ppm (208 mg/kg/day in females; 274 mg/kg/day in males), and a LOAEL of 2000
ppm based on decreased body weight, decreased food consumption, and decreased water”
intake in both sexes.” Caf DPR also consideted the mouse studies 1o be evidence of lack of
carcinogenicity, but took a more health-protective approach to deriving & risk estimate: "DPR
taxicologists adjusted the ingestion of imidacioprid to 1/7 of the mice mean body weight...
which is simifar to a default food consumption of 15 % of the body weight of an adult mouse.
The revised NOEL would be 47 mg{&g!day, based-on the r&vzseﬁ LOEL of 143 mgfkgjday” {Cal
DPR, page 39).7 - '

While Cal DPR risk estimates are over 4-fold more healith protective, both EPA HHDRA and Cal
DPR should not be using such a paorly conducted and unreliable — and likely also unethical -
study as affirmative information for lack of carcinogenicity, especially when the individual food
consumption and therefore the dose was plucked fromy thin air, and the mice were being killed
with ether, handling, and their own feeding device! Cancer and other chronic disease stood
little chance of being noticed amid such seemingly acute mistreatment and protocol
mismanagement,

Overall, the mouse study is uninformative of cancer risk, and therefore cannot ?::sta used o
dismiss affirmative evidence of elevated liver cancer risk from the rat studies.

Chronic/Oncogenic Orgl Studies ~ Dog

EPA {1993} had one chronic and carcinogenic oral feeding study in dogs {MRID 422?3&@2; Allen
at al 1989). Imidacloprid was administered through the diet for a period of 52 weeks to adult

¥ Cal DPR 20086, Risk Charanterization Document for imidacioprid. Avallable st

httped feeww odpr ca.gov/docs/riskfredfimidacloprid.pdf

T EPA 1993, 1 Mo DO3125-UEE, 0OB125-UEG, IF04169, IHOSE5S, midacioprid Bvaludtion of Toxicity Data
Subrmitted and Wentification of Outstanding Toxicology Data Requirements. Tost revisw 0105372, 0%/03/15493.
Available on Chem Search and at https/fwew3 epa. gcﬁv»"gwstiﬁides fehem searchg’ciaa'reéjaviewsfasrm?c#
139099 3-Sep-93_041.pdf ar - '

6 Cal DPR 20085, Risk Characterization Document for imidacloprid. ﬂx\fﬁ!;&t}ﬁ" at

hitpfwww odpr cagow/docs/riskfred fimidacioprid.pdf . .
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Beagle dogs {4/sex/dietary tevel} at 200, 500 or 1250 ppm. The 1250 ppm dose was increased
to 2500 ppm from week 17 to the end of the treatment. These levels correspond to daily doses
of 6, 15 and 41/72 mg/fkg/day. The chronic oral NOEL was established by the authars as 500
ppm {15 mgfkg/day), based on liver changes at the LOEL of 1250/2500 ppm {41 meg/kg/day).
EPA derived a NOAEL of 1250 ppm and a LOAEL of 2500 pprm, which is 2.5-fold weaker {more
permissive] than the NOAEL derived by the authors,

Overall, the dog study is uninformative of cancer risk and therefore cannot be used to dismiss
affirmative evidence of elevated cancer risk from other studies.

CONCLUSHIN:

NRDU makes the following recommendations, based on the sclentific record detailed in our
comments: .

#  Consistent with the avallable evidence, EPA should apply an FQPA factor of at least 10X
to account for the evidence of developmental neurotoxicity, including the more severs
and even deadly effects in the offspring compared to the less severe maternal effects,

»  EPA should classify imidacloprid as an endocrine disruptor, cansistent with the
affirmative evidence of biologically relevant adverse effects from the EDSP Tier 1 tests,

#  EPA should re-do its cancer assessment of imidacloprid to address the evidence of
cancer risks, including significant elevate risks of rare and deadly cancers, from guideline
studies.

»  EPA should cancel alf pet collar uses because of the excessive risks they pose to children;
risks would be calculated to be even higher if EPA applied the legally-mandated default
10X FOPA factor,

In summary, EPA is in the business of protecting the public, not agrochemical company profits,
Dr. Melnick, retired caresr NIEHS scientist, warned that sericus public health consequences
may follow if chemicals are misclassified as less toxic or non-toxic based on untested
mechanistic hypotheses, poorly validated tests, or incomplete data sets. In bis words,
“Idleclaring o chemical as not hazardous, or reducing a level of health protection, should
require validation, not speculation.””?

The warning against false negatives ~ calling something safe when it is harmful — is echoed by
EPA statistician Herbert Lacayo in a recently surfaced internal EPA memo on glyphosate cancer
risks. In his 1985 memo dismissing Monsantn's pleas to ignore cancer svidence in rodents
treated with glyphosate, Dr. Lacayo wrote, “Our viewpoint is ong of protecting the public health
when we see suspicious data. it s not our job to protect registrants from false positives.”’® EPA
OPP must not lose Hs way.

 peinick BL, Kamel F, Hulf L Dedaring chemicals "not carcinogenis to humsns”™ regquires validation, not
speculation, Environ Health Perspect. 2003 Apn 11 H{EHAZ0R -4

B EPA 1985, Maemo from Herbert Lacave, Statisticlan, to Reto Engler, Chief on the Use of histerical data in
detarmining the weight of evidence from kidney turmar incddence in the Glyphosate two-year feeding study; and
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Thank you for the oppemumty to provide commaents.

Resmctfuiiv submitted,
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lennifer Sass, Ph.D.
Natural Resources Defense Council, Senior Scientist

Ruth Berlin, Executive Director
Maryland Pesticide Network

Cynthia Palmer,
Director, Pesticides Science and Regulation
American 8ird Conservancy & ‘

some remarks on false positives.

https://archive epa.gov/pesticides/chemical wafv::n{{:hemicai,ffma;webfpdffl(}aﬁa1inBﬁﬁi 170.pdf
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